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Ground water resource studies on the Flathead Indian Reser­
vation have indicated that the 6,000 acre Sullivan Flats Basin is 
a key to the regional ground water flow system for the northwest 
quarter of the reservation. As early as 1917, Meinzer speculated 
that ancestral discharge from Flathead Lake may have flowed 
through the Sullivan Flats basin and subsequently deposited the 
aquifer gravels in the ground water irrigated Little Bitterroot 
Valley to the south. The Sullivan Flats Aquifer consists of a 
highly transmissive sand and gravel layer overlying bedrock and 
confined by up to 300' of silt and clay lake bed sediments. 
Project conducted seismic and test well exploration suggest that 
the irregular geometry of the aquifer system is the direct result 
of glacial ice occupying the basin and not of fluvial deposition 
by an ancestral Flathead River. Aquifer tests confirm this 
hypothesis and indicate the aquifer is not continuous through the 
Niarada Gap discharge point from the basin, thereby prohibiting 
ground water recharge to the Little Bitterroot Aquifer to the 
south. 
The U.S.G.S. three-dimensional computer flow model has been 
successfully calibrated and verified to simulate steady state and 
transient ground water flow in the two layer Sullivan Flats 
Aquifer. The distribution of transmissivity required to model 
potentiometric head in the basin further suggests an ice-marginal 
depositional-history for the aquifer. Modeled flow indicates 
that 94% of discharge from the basin is through surface flow from 
Sullivan Spring, north of Niarada, with recharge received primar­
ily through the Cromwell Creek (50%), Upper Sullivan Creek (33%), 
and Big Draw (16%) alluvial channels. Model predicted effects of 
proposed additional ground water withdrawals in the basin 
indicate a lowering of potentiometric head resulting in a 
significant decrease in discharge from the alluvial springs. 
Project conducted water quality sampling indicates three 
distinct water types in the study area. A dominant low-TDS 
calcium-bicarbonate water suited for domestic, stock, and 
irrigation uses, a localized high-TDS, low-pH calcium-magnesium-
sulfate water probably resulting from acid mine drainage in Upper 
Sullivan Creek, and a high-TDS sodium-bicarbonate water associat­
ed with a warm spring in the western basin. 
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CHAPTER I — INTRODUCTION 
From June 1983 through October 1985, the Confederated Salish and Kootenai 
Tribes and the United States Geological Survey cooperated on a comprehensive 
evaluation of the ground water resources of the Flathead Indian Reservation, in 
northwestern Montana. This study identified the 6,000 acre Sullivan Flats basin 
(T.24 N.,R,24 W„ Figure 1.1) as a key to the regional ground water flow system 
for the northwest quarter of the reservation, and therefore, in need of further 
and more detailed investigation (Slagle, 1986). 
In June 1985, the Sullivan Flats Water Resource Study was initiated to provide 
a focused investigation of the Sullivan Flats aquifer. 
PURPOSE AND SCOPE 
The purpose of this study is to accurately assess the quantity and quality of 
water in the Sullivan Flats Basin including the identification of when, where, 
how, and how much water enters and leaves the basin, how long it resides there, 
the distribution of water quality, and the effects of scheduled and future ground 
water withdrawals on the basin supply. Specifically, this project addresses four 
concerns regarding the ground water resources in Sullivan Flats: 
1) the role of Big Draw and Sullivan Flats in supplying recharge to the ground-
water-irrigated Little Bitterroot basin to the south (Donovan,1985); 
2) the establishment of baseline water quality data in Sullivan Flats; 
3) the potential for, and the effects of additional util ization of the aquifers 
underlying Sullivan Flats, and; 
4) the evaluation of past and potential future impacts to the water resources in 
the basin from mining activities north of the reservation boundary. 
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Figure 1.1: Map of Flathead Indian Reservation 
showing location of Sullivan Flats. 
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In addressing these concerns, this study uses information from previous inve­
stigations, logs of existing wells, water quality sampling of wells and springs, 
seismic refraction imaging, test well dril l ing, and aquifer testing, to perform a 
final synthesis in a numerical ground water flow model of the Sullivan Flats 
basin. The methods employed and the results obtained with each of these inves­
tigative techniques are detailed and discussed in this report. 
PREVIOUS WORK 
The earliest scientific investigations into the physiology and glacial history of 
the Flathead Lake region were done by Elrod (1903) and Pardee (1910). More 
recent work on the same topic include Alden (1953), Wright and Frey (1965), 
Nobles (1952), and Smith (1966). Work on the Little Bitterroot valley artesian 
aquifer, to the south and down gradient of Sullivan Flats, was done by Meinzer 
in 1917. It was Meinzer who postulated that the Big Draw-Sullivan Flats-Little 
Bitterroot drainage was host to the ancestral Flathead river, and that the gravels 
of the buried channel comprise the major aquifers in these basins. Other water 
resource studies of the region include analyses of the ground water resources on 
the Flathead Indian Reservation by Boettcher (1982) and Slagle (1986), and work 
on the geothermal aquifer system near Hot Springs in the Little Bitterroot Valley 
by Donovan (1985). 
The geology of the Hog Heaven volcanics and mining district have been des­
cribed by Shennon and Taylor (1936), Johns (1970), Cossaboom (1981), and Zehner 
(1987). Work on the geology and geophysics of the southwestern Flathead Lake 
region was done by LaPoint (1971). 
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DESCRIPTION OF THE STUDY AREA 
Location, Topography, and Drainage 
Located approximately thirty miles southwest of Kalispell, Montana, and fifteen 
miles west of Big Arm on Flathead Lake (Figure 1.2), the Sullivan Flats Basin 
comprises approximately six thousand acres of low relief valley-fil l sediments 
extending from the town of Niarada on the Flathead Indian Reservation (T.24 N 
R.24 W.), to the reservation boundary five miles to the north. At its widest 
point, the basin is four miles across and surrounded by Precambrian and Tertiary 
bedrock hills rising on average 1,000 feet above the basin floor (Figure 1.3). 
The surface topography of Sullivan Flats consists of shallow, broad channels 
eroded into light-tan, fine-grained lakebed silts deposited during the Pleistocene 
glacial period. The maximum local relief in the basin is on the order of twenty 
feet with a total difference in elevation of approximately one hundred feet be­
tween the Big Draw inlet to Sullivan Flats (elevation 2,955 feet msl.) and Niarada 
Gap outflow (elevation 2,860 feet msl.) 
Drainage into the Sullivan Flats Basin is primarily from three sources: Big 
Draw to the east, Cromwell Creek to the north-east, and Upper Sullivan Creek 
to the north (Figure 1.4). Big Draw is a straight, half-mile wide, structurally-
controlled basin which extends from Sullivan Flats eastward nine miles up grad­
ient to the Elmo moraine and then slopes three miles downward to Flathead Lake 
at Elmo, Montana. During the final Pleistocene glacial period, Big Draw was 
occupied by a major westward-flowing glacial-meltwater stream emanating from 
the Elmo lobe of the Flathead Glacier (Smith, 1966). While the surface topog­
raphy of Big Draw shows ample evidence of large amplitude anastomosing chan­
nels characteristic of a braided outwash sequence, present day surface water 
discharge down Big Draw is limited to ephemeral, snow-melt flooding events. 
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Figure 1.4: Tributary drainage basins to Sullivan Flats 
The Cromwell Creek drainage enters Sullivan Flats from the north-east (Sect­
ion 4 T.24 N. R.24 W.), draining approximately 21,000 acres of upland draw topo­
graphy. The main channel of Cromwell Creek is a perennial stream, which in 
high flow periods is impounded behind a stock-water dam three miles north-east 
of the study area. During low flow periods in summer and fall, Cromwell Creek 
disappears into the alluvium one-half mile up gradient of the dam. 
The third drainage entering the Sullivan Flats Basin is Upper Sullivan Creek. 
Sullivan Creek drains an area of approximately 6,000 acres of upland draw topo­
graphy, which includes all of the old mine workings of the Hog Heaven Mining 
District located immediately north of the reservation boundary. Sullivan Creek is 
a perennial stream which, in all but spring flood periods, disappears into the 
alluvium one half mile north of the reservation boundary. 
Lower Sullivan Creek originates at Sullivan Spring and flows out of Sullivan 
Flats to the south through Niarada Gap into the lower Little Bitterroot River 
valley. The Little Bitterroot River eventually empties into the Flathead River at 
Sloan's Bridge in the Mission Valley, thirty miles to the south-southeast of Sull­
ivan Flats. There are no perennial streams crossing the central Sullivan Flats 
basin. 
Climate 
The climate of the Sullivan Flats region is semiarid with the average annual 
precipitation ranging from eleven to thirteen inches. Summers are hot and dry 
with high temperatures commonly ranging above ninety degrees Fahrenheit. 
Winters can be harsh with temperatures below zero Fahrenheit not uncommon for 
the period November through January. Figure 1.5 shows precipitation data from 
the Hot Springs and Lonepine meterological stations: areas with similar climate 








- 2  
-1 
-0 







Period of record: 19311952, 1963-1968 
Total years: 28 
Annual minimum. 6.13 inches cm 
Annual maximum: 16 46 inches 
Annual mean 11 23 inches 
HOT SPRINGS 
Period of record. 1969-1984 
Total years: 16 
Annual minimum' 9.84 inches 
Annual maximum. 20.10 inches 
Annual mean: 13.92 inches 
Jan. Feb Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 
Brackets indicate monthly maxima and minima. 
10—| r 4 
"-3 
5- - 2  
— 1 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 




- 1  
Figure 1.5: Precipitation data for Sullivan Flats area (Donovan, 1985). 
General Geology 
The Sullivan Flats Basin is near the intersection of two normal faulted basins 
in the Precambrian Belt supergroup: east trending Big Draw and south trending 
Little Bitterroot Valley. For the purposes here, the regional bedrock can be 
referred to as undifferentiated Ravalli Group meta-sedimentary rocks consisting 
of grey sericitic and noncalcareous mud-cracked argill ites and quartzose argill ites 
containing occasional thin layers of light-gray or white quartzite (Johns, 1964; 
Smith, 1966). The bedrock is jointed and gently dipping in the Sullivan Flats 
area. While some ground water moves through fractures in the Precambrian 
bedrock, deep bedrock water wells in the region generally do not yield more 
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than five to ten gallons-per-minute, making the bedrock a poor aquifer compared 
to the glacial valley fi l l sediments of the main ground water system. However, 
given the extent of contact between the bedrock and the alluvial sediments, the 
total flow between these two systems may have a significant effect on the 
dynamics of flow in the Sullivan Flats aquifer. 
As seen in Figure 1.6, normal faulted Precambrian Ravalli Group rocks define 
the Sullivan Flats basin on the south, east, and north central margins. Oligo-
cene rhyodacite tuffs peripheral to the Hog Heaven igneous complex form the 
remaining western and northeastern boundaries of the basin (Zehner, 1987, 
Shenon and Taylor, 1936; Johns, 1970). The central part of the Hog Heaven 
igneous complex, located approximately five miles north of the basin, is charact­
erized as a latite-andesite-trachyte porphyry (Shennon and Taylor, 1936) capped 
by sodic rhyodacite tuffs (Cossaboom, 1981). Zehner (1987) proposed that the 
emplacement of the Hog Heaven igneous sequence was primarily controlled by the 
structural weakness in the basement rocks related to the intersection of the Big 
Draw and Little Bitterroot basins. 
The predominantly silver/lead sulfide ore of the Hog Heaven Mining District 
was emplaced through a succession of fracturing and hydrothermal supergene 
enrichment of the igneous sequence. Principal ore minerals are pyrite, galena, 
and antimonial-matildite (silver-bismuth sulfide), with minor enargite and bornite 
in certain areas. Gangue minerals are barite, alunite, guartz, and clay (Johns, 
1963). Although high-grade float was found in the area as early as 1913 
(Shennon and Taylor, 1936), the primary ore body was not located and developed 
until the 1928 opening of the Flathead Mine in the Upper Sullivan Creek drain­
age. Total estimated production for the years 1928-1964 was 230,000 tons of ore 
containing 6,700,00 oz. silver; 3,000 oz. gold; 23,000,000 lbs. lead; and 600,000 lbs. 
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copper (Cossaboom, 1981). While the Flathead Mine was by far the largest 
producer in the district, several smaller mines and numerous mineralized-excava-
tions are located in the Upper Sullivan Creek drainage. 
Cenozoic sedimentation in the Sullivan Flats basin resulted from several differ­
ent processes. First, it appears that Mid to Late Tertiary deposition of volcanic 
mudstone sequences inundated the basin to a depth of several hundred feet 
(Shenon and Taylor, 1936). These low permeability sediments were most likely 
shed off the adjacent rhyodacite tuffs. It is unclear whether there was any 
major drainage through the basin during this period. Much later, as the Flat­
head Glacier advanced southward down the Rocky Mountain Trench during the 
Pleistocene glacial periods, a lobe of ice moved into the Big Arm Embayment 
near the town of Elmo at the eastern end of Big Draw (Smith, 1966). Glacial 
processes associated with the Elmo lobe were responsible for eroding the Tert­
iary sediments in Sullivan Flats and depositing from 10' to 400' of Precambrian 
sourced gravel and sand in some parts of the basin (Slagle, 1986; Coca Mines, 
pers. comm.). Drill logs from the area suggest that this period also produced 
permeable volcanic gravel deposits in the drainages not directly in the path of 
the Big Draw processes. During the periods of maximum glacial advance, the 
regional drainage was dammed by ice, impounding melt waters to create the many 
strands of Glacial Lake Missoula (Alden, 1953; Wright and Frey, 1965). Last, the 
relatively quiet waters of lake Missoula deposited up to 300' of low-permeablity 
light tan silt and clay over the entire basin. The highly permeable Pleistocene 
sand and gravel deposits overlying the bedrock and confined by the lake bed 
sediments, comprise the major aquifer in the basin (Slagle, 1986) and the focus 
of this study. 
12  
CHAPTER II — METHODS 
WELL AND SPRING INVENTORY 
All springs with measurable discharge and previously constructed domestic and 
stock wells in the study area were identified and inspected. When possible, the 
wells and springs were sampled, water chemistry determined, discharge measured, 
and water level recorded. Information regarding the location, seasonal fluctua­
tions in discharge or water level, and use of springs and wells was gathered 
largely from landowners in the basin. State and Tribal water rights records 
provided additional documentation on ground water sources in Sullivan Flats. 
SEISMIC REFRACTION PROFILING 
The anticipated large velocity contrast between bedrock and the overlying 
alluvium in the Sullivan Flats basin resulted in the selection of seismic refraction 
profil ing techniques to determine the geometry of the base of the unconsolidated 
material. Nine separate seismic profiles obtained in Sullivan Flats include comp­
lete transverse profiles of the three alluvial inputs to the basin (Big Draw, 
Cromwell Creek, upper Sullivan Creek), and the Niarada Gap outflow from the 
basin. The locations of these profile lines are shown in Figure 4.1 on page 63. 
An additional transverse profile one mile south of the Niarada townsite was 
obtained from the Montana District Office of the U.S.G.S. in Helena, Montana. 
Field Methods 
During the 1985 summer field season, a twelve-channel signal-enhancing digital 
seismograph manufactured by EG&G Geometries (EG&G ES—1210F) was used to 
collect seismic profile data. In 1986, refraction profiles were collected using a 
twenty-four channel (EG&G ES-2415F) machine. Both seismographs are equipped 
with CRT oscilloscopes thus allowing immediate interpretation of P-wave arrival 
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data, as well as strip chart and digital output capabilities. Except for the 
number of channels, and therefore the efficiency of field data collection, the two 
seismographs were functionally identical. 
Geophone spreads consisted of twelve or twenty-four eight hertz geophones in 
a uniform one-hundred foot spacing for long/deep profiles and fifty-foot spacing 
for two shallower profiles in the Cromwell and Upper Sullivan Creek drainages. 
Each successive geophone spread overlapped the previous spread by at least one 
geophone spacing with two to six spreads comprising a survey line. 
Energy sources consisted of up to five pounds of Kinepak two-component 
explosive per shotpoint with detonation by seismic response electrical blasting 
caps. Whenever possible, the charges were placed in nine foot deep augered shot 
holes to facilitate maximum transmission of energy to the subsurface. In some 
areas, however, large cobbles prevented shothole dril l ing and we were forced to 
rely on less effective surface blasts. At these locations, multiple one pound 
charges were connected by Primacord and placed six feet apart in a line trans­
verse to the geophone spread on the surface. This arrangement allowed for 
maximum energy transmission to the subsurface with minimal surface damage. 
Standard shotpoint configuration included one shotpoint ten feet off each end 
of the geophone spreads to record the seismic velocity contrast between the 
surface waves traveling in the unsaturated alluvium and refractions off the near 
surface saturated strata. Up to five additional shotpoints located at varying 
distances off each end of the spread recorded the arrival data from deeper refr­
acting layers. The multiple offset shotpoints proved essential for discriminating 
between inflections in the time/distance data due to P-wave arrivals from differ­
ent refracting layers and data inflections due solely to irregular or discordant 
refracting horizons. 
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All shotpoint and geophone locations and shothole depths were precisely deter­
mined and referenced to a single three dimensional coordinate system for each 
survey line. Vertical control was established by transit leveling from known 
elevations. 
Data Interpretation 
Although the simplicity of seismic refraction theory allows for many graphical 
and hand calculator interpretation techniques (Kilty et al., 1986: Hatherly and 
Neville, 1986; Dobrin, 1976), I util ized an inverse modeling computer program 
developed by the United States Geological Survey (Scott et al., 1972) to process 
the Sullivan Flats data. The program, SIPT-77, util izes the delay-time method 
described by Pakister and Blach (1957) to obtain a first approximation of model 
layers. The program then automatically adjusts the interpretation through a 
multiple-pass iterative ray-tracing technique (Yacoub et al., 1970) which mini­
mizes differences between the traveltimes measured in the field and the calcul­
ated traveltimes through the model. This technique provides a degree of speed 
and accuracy unobtainable by manual formula interpretation. 
Another advantage of this program is that while formula interpretations prod­
uce one depth to refractor value near each shotpoint, SIPT-77 provides a depth-
to-refractor value under each geophone that receives a refracted wave from that 
layer (Haeni, 1986). As a result, twelve-to-twenty-four times as much depth 
information is obtained from each shotpoint when using this program. 
Data input to the program includes the location and elevation of each geo­
phone and shotpoint, and the P-wave arrival times manually picked from the 
paper strip chart output of the seismograph. In addition, preliminary interpret­
ations regarding the total number of refracting layers present, and which layer is 
responsible for producing each arrival event are required. For each data run the 
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computer provides the following output: 
1) a l isting of all input data; 
2) a time-distance plot of the P-wave arrival data with various user 
defined options for datum reference and topographic corrections; 
3) calculated velocities for each layer under each spread; 
4) a table of depths to each refractor under each shotpoint and geophone, 
and; 
5) a plot of the computed geologic cross section. 
Refining the computer generated interpretation is accomplished by inspecting 
the output time-distance plot and redesignating layer assignments for each P-
wave arrival event based on inflections in the slope of the data curve. These 
adjustments continue until arrival times from each shot are in the closest agree­
ment with arrival times from all the other shots in the survey line. Finally, 
seismic velocity override commands can be specified by the user to allow minor 
adjustment of the computed seismic cross-section to conform to actual depths to 
refracting horizons as determined by dril l-hole control. 
MONITORING WELL CONSTRUCTION 
Monitoring wells for the Sullivan Flats Study were dril led with a Cyclone T-60 
forward air-rotary dril l rig equipped with a dril l-through casing hammer. The 
dril l-through casing hammer allows for continuous advancement of the well 
casing concurrent with the dril l ing process: a distinct advantage when drill ing 
in areas with thick sequences of unconsolidated sand and gravel (Woessner, 
1987). Continuously advancing the casing minimizes caving of the well bore and 
allows for more accurate dril l-cutting sampling as only one or two feet of un­
cased dril l hole is open at any time to provide returns to the surface In addit­
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ion, the continuously cased dril l hole allows for discharge measurements and 
water quality sampling to be performed on relatively thin production zones 
Drill-cuttings were sampled at five foot intervals, and at each change in sed­
iment type. Samples were logged and placed in plastic bags for later, more 
detailed analysis. Detailed records of dril l ing rates, pressures, and casing ad­
vancement provided useful corroborative information for accurately interpreting 
the stratigraphic sequence in the basin. 
At four of the dril l ing sites (W#1, W#4, W#5, W#6; Figure 2.1), six inch steel 
casing was driven to the base of the alluvial aquifer system and then perforated 
at the best production zone using a down-hole pneumatic casing perforator. 
Drill ing at these sites extended 5' to 100' below the base of the alluvial sedi­
ments to examine layering of the upper bedrock strata. In the interest of 
isolating the alluvial aquifer from the bedrock strata, the open ends of the 
finished steel casings were tightly sealed at the elevation of the bedrock surface 
using a double "packer" assembly. 
Because of the desire to sample for possible metals contamination from past 
mining activities in the Upper Sullivan and Cromwell Creek drainages (sites W#2 
and W#3; Figure 2.1), six inch plastic casing was installed at these locations. 
Plastic casing was chosen to avoid possible contamination of water samples by 
the deterioration of the metal alloys in conventional steel well casing. Inserting 
plastic casing in the coarse, unconsolidated sediments required a three step con­
struction procedure. First, an eight inch steel-cased well was dril led to the 
bottom of the aquifer system using the same techniques described above. Next, 
six-inch P.V.C. casing was assembled with milled .030 inch screen intervals pos­
itioned opposite production zones identified during dril l ing and the entire assem­
bly lowered to the bottom of the hole. The eight inch steel casing was then 
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pulled back to within twenty feet of the surface, allowing the hole to collapse 
around the P.V.C. casing. Finally, all wells were grouted from the surface to a 
depth of twenty feet to seal the well and prevent surface water contamination. 
WATER LEVEL MONITORING 
The position of the water level in eighteen domestic, stock, and project-const­
ructed monitoring wells has been measured at various intervals during the course 
of the project. The frequency and methods of water level measurement of 
individual wells have varied as a result of access to the well site and the rela­
tive importance of the site for determining seasonal variations in recharge to, 
and discharge from the Sullivan Flats Basin. In general, at least monthly meas­
urements have been made at all well sites. 
Static water levels of non-flowing wells are measured using a steel tape and 
standard measuring techniques. Depth to water below a pre-selected measure 
point (M.P.) for each well is entered on forms in the field. For the three 
flowing wells (W#4, W#5, W#6), head measurements were made using two differ­
ent techniques. The first technique involves using an instrument-grade pressure 
gauge to measure shut-in pressure at the well head and then converting to feet 
of water above the measuring point. With this method, both the recorded press­
ure and the height of the gauge above land surface are entered on field forms. 
The second technique involves effectively extending the well casing to a height 
equal to the elevation of the potentiometric head using a one-quarter inch clear 
plastic tube, and then directly measuring the height above land surface. Using 
this method, the height of the pressure head above land surface is entered dir­
ectly on the field form. While extending the well casing with a plastic tube is a 
more accurate measuring technique, the pressure gauge method proved far more 
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convenient for wells with more than ten feet of potentiometric head. 
Stevens Type F continuous water-level recorders were installed in April 1986, 
at three important sites in the basin. Continuous water-level data are recorded 
in analog format on thirty-day paper charts for Big Draw (W#1), upper Sullivan 
Creek (W#2s), and Cromwell Creek (W#3s). As a means for correlating instru­
ment drift, steel tape measurements are entered on the standard field forms 
when recorder charts were changed. 
Field water level measurements are later corrected to elevation above sea level 
and the potentiometric data are entered into a microcomputer data base. 
Stevens recorder chart data were checked for instrument drift and corrected to 
elevation above sea level before daily water levels are entered into the data 
base. A standard commercial software program is used to generate hydrographs 
for the each well. To accomplish this, the program generates daily water level 
elevations for all non-recorder sites by assuming a linear rate of change between 
the time of actual water level measurements. For well sites with continuous 
recorders, actual daily measurements are used. 
WATER QUALITY SAMPLING 
Thirty-six wells and springs (Figure 4.31; pg.107) were sampled for one or more 
of the following analyses; gross chemical composition including bicarbonate, 
chloride, sulfate, calcium, magnesium, sodium, potassium, silica, total dissolved 
solids, and pH; trace metal composition including arsenic, cadmium, copper, iron, 
I  Q I  C 
lead, mercury, zinc, and manganese; and the isotopes 0/ O and tritium. 
Seventeen of these sites have been sampled multiple times for gross chemical and 
trace metal analysis. 
Water quality sampling was conducted in accordance with the following guide­
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l ines. All wells are pumped until specific conductance stabilizes before the 
sample is taken. Field conductance, pH, and temperature are measured immediat­
ely and recorded at each well and spring sample site. Samples for both tritium 
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and 0/ 0 analyses are collected by fil l ing one liter glass bottles through a 
flexible plastic tube inserted to the bottom of the bottle to minimize contact 
between the sample and the atmosphere. Sample bottles are allowed to flow over 
until at least five sample volumes have purged atmospheric contamination from 
the bottle before the bottle is quickly sealed with a teflon cap and wrapped with 
parafilm and black electrical tape. 
For gross chemical and trace metal analyses, samples are filtered through a 
GeoFilter 0.45 micron back-flushing filter apparatus which was pre-flushed with 
250 ml. of deionized water. The first 100 to 150 ml. of sample is used to rinse 
two polyethylene cubic one quart containers three times each before they are 
fil led. One fil led container is refrigerated to 4C for analysis of total dissolved 
solids, pH, and general ionic composition. The second fil led container is prep­
ared for analysis of metals composition by acidifying with 3 ml. of double-distil l­
ed reagent grade nitric acid which has been pre-measured into a glass ampule. 
Sample containers for trace metal analysis are acid washed with 50% hydrochloric 
acid which remains in the container for over two hours before they are rinsed 
three times with deionized water and air dried for use in the field. 
Immediately after each sample is collected, the filter apparatus is flushed with 
250 ml. of deionized water. The filter housing is then disassembled, the old 
filter removed, the inside rinsed with additional deionized water, a new filter 
inserted, and the housing re-assembled and sealed. As part of the project 
quality assurance, once each field day a sample of deionized water is passed 
through the freshly cleaned filter apparatus and analyzed for gross and trace 
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metal chemistry to determine the effectiveness of apparatus cleaning procedures. 
Sample bottles for all analyses are labeled in the field with sample number, 
location, source type, method of collection, type of preservation, sampler s name, 
and the date and time of collection. This information is also recorded on field 
data sheets. 
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All water quality samples for trace metal, O/ O, and tritium analyses are 
shipped to the subcontracting analytical laboratory within two weeks of collect­
ion. Samples for gross chemical analysis are transported from the field to the 
Geology Department refrigerator for temporary storage and then to Dr. Richard 
Juday of the University of Montana Chemistry Department. All water samples 
are delivered for analysis within seven days of collection. 
Field sample quality control is accomplished by providing both labs with 10% 
splits and duplicates and 5% blanks and standards. The gross chemistry standard 
is certified by the Environmental Protection Agency and the trace metal standard 
is SRM #1643a Trace Elements in Water from the National Bureau of Standards. 
Blanks are deionized water passed through the field fi ltration apparatus as 
detailed above. For trace metal blanks, the cubic containers are acid washed and 
the blanks are acidified. Samples are handled as described above for each lab. 
Water samples have a separate chain-of-custody form for each contracting 
laboratory to facilitate tracing custody through different analyses. All samples 
are assigned a "blind number" before delivery to the laboratories. Upon delivery 
of samples to the appropriate laboratory, the chain-of-custody form from the 
Geology Department is signed and dated by the lab representative to acknowledge 
receipt and the chain-of-custody form from the laboratory is signed and dated by 
the geology representative to acknowledge transmittal. Upon completion of the 
analyses, these forms are again signed by each party to acknowledge the return 
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of the samples to the Geology Department. An approved QA/QC document 
detailing sample custody at each contracting lab was secured before the cont­
racts were awarded. After return from the labs, water samples are kept in the 
U.M. Geology Department in a locked storage location with limited access. 
AQUIFER TESTING 
Aquifer transmissivity and storativity in the area of the six project construct­
ed monitoring wells have been evaluated using standard step-drawdown, constant-
discharge, and constant-drawdown aquifer testing techniques. Step-drawdown and 
constant-discharge tests were conducted on five project wells in the basin, W#1, 
W#2s, W#3s, W#5, and W#6. The sixth well, the McDonald Field Well #4, is a 
large capacity flowing well and was tested using a constant-drawdown method. 
Tests were performed approximately one year after the wells were completed and 
developed. Other wells in the basin provided seventeen sets of observation well 
response data during the course of the tests. 
Development of the project wells varied from site to site. First, all project 
wells were developed with compressed air for a minimum of one hour immediately 
following the completion of well construction. In addition, the three flowing 
wells (Sullivan Springs Well #6, Sullivan Flats Well #5, and McDonald Field Well 
#4) were allowed to flow for twenty-four hours before they were capped. Final­
ly, all wells except the large capacity flowing well #4 were pumped with a sub­
mersible pump operating at various discharge rates for thirty minutes to one 
hour during equipment setup and calibration immediately prior to aquifer testing. 
Step-drawdown tests were conducted as described by Walton (1962) to deter­
mine well efficiency on all project wells except the large capacity flowing well 
#4. Wells were allowed to recover from test setup and development pumping for 
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one hour prior to beginning step-drawdown tests. Each step test consisted of 
three consecutive thirty minute time steps with increasing, equally proportioned 
discharge rates based on the production capacity for each well. Discharge from 
wells with a maximum rate less than 80 gpm was measured using an in-line flow 
meter installed on the discharge line. Pump discharge rates greater than 80 gpm 
were measured using either a three or four inch orifice plate and a manometer 
attached to a discharge pipe six feet long and five inches in diameter. Changes 
in the position of the pumping water level were measured using an electrical 
water-level measuring tape. The well loss coefficient for each well was deter­
mined by plotting time verses drawdown data for each step test in semi-log 
format and correlating with discharge rate as described by Walton (1962). 
After well efficiency was determined, constant-discharge aquifer tests were 
conducted on the same five wells. All wells were allowed to recover over-night 
before constant-discharge tests began. The discharge rate for each well was 
determined from the step tests as the maximum rate that could be maintained 
throughout the test. Discharge rate and pumping water levels were measured in 
the same manner as in the step tests. When available, the water levels in 
observation wells were monitored either manually using a steel tape, or automat­
ically using both analog and digital water level recorders. Length of the tests 
ranged from four hours for Cromwell Creek (W#3s), to thirty-one hours for 
Sullivan Springs (W#6). In addition, recovery water level data at each site were 
recorded for a period equal to the length of the pumping period. 
Constant-discharge drawdown data for pumping wells were first corrected by 
subtracting out the drawdown caused solely by well loss effects as determined in 
the step-drawdown tests. Since observation wells are only passively responding 
to changes in potentiometric head at some distance from the pumping well, 
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observation well drawdown data do not require a well loss correction. Drawdown 
verses time data sets for both pumping and observation wells were extrapolated 
beyond the end of the pumping period to allow for the determination of calcu­
lated recovery as described by Driscoll (1986). A total of twenty-one time 
verses drawdown/recovery data sets were then plotted by computer as corrected-
drawdown and calculated-recovery plots in both log-log and semi-log formats. 
These plots are presented in Appendix C. Plots were then analyzed for trans-
missivity, storativity, vertical leakance, and the effects of boundary conditions at 
each site using the curve matching and straight line techniques described by 
Theis, Cooper, Jacob, McClelland, Hantush and others, and summarized in Lohman 
(1983). 
The natural flow rate of the large capacity flowing well #4 is approximately 
470 gpm. Since this is greater than the discharge of the largest pump available 
that will fit down a six inch well casing, a constant-drawdown aquifer test 
technique described by Jacob and Lohman (1952) was employed for the well #4 
test. With this method, drawdown is considered to be constant and equal to the 
difference between the static (shut-in) potentiometric head and the height to 
which the water rises as it flows from the top of the casing once the well is 
opened. Discharge rate measurements are taken over time to record the de­
creasing flow rate of the well. For the well #4 test, discharge was measured 
using an impeller type current velocity meter suspended vertically in the top of 
the well casing. The discharge verses time data are then plotted in semi-log 
format allowing a straight line solution technique for transmissivity and stora­
tivity of the aquifer. 
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CHAPTER III — RESULTS 
WELL AND SPRING INVENTORY RESULTS 
Well inventory data has been compiled for fourteen pre-existing domestic and 
stock wells in the Sullivan Flats Basin, as well as the seven project constructed 
monitoring wells. The location reference system used in this study is presented 
in Figure 3.1. A summary of well inventory information is presented in Table 3.1 
and a map of site locations in Figure 3.2. 
WH! 20N 21W23A002 
Figure 3.1: Location reference system. 
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Figure 3.2: Location map of well and spring inventory sites. 
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TABLE 3.1: WELL INVENTORY DATA 
— MEASUREMENTS IN FEET--
WELL SITE STATIC DRILL C0MPL. 
WELL # LOCATION DEPTH ELEV /RANGE LOG DATE USE SAMPLE 
W#1 24N. 23W.21 DCBB 395 2955 2900.0 1.7 Good 9/85 T G,M,I 
W#2n 24N. 23W.08 AAAB 195 2945 2925.9 11.2 Good 10/85 T G,M 
W#2s 24N. 23W.08 AAAB 155 2940 2925.7 11.4 Good 10/85 T G,M, I 
W#3n 24N. 23W.09 BADA (168) 2958 2945.4 13.9 - - N 
W#3s 24N. 23W.09 BADB 99 2957 2943.6 12.6 Good 10/85 T G,M, I 
W#4 24N. 23W.17 BCDD 303 2880 2897.4 1.6 Good 10/85 T G,M, I 
W#5 24N. 23W.13 AABB 359 2879 2889.8 3.2 Good 9/85 T G,M, I 
W#6 24N. 24W.24 DDBB 373 2861 2864.3 .6 Good 9/85 T G,M, I 
W#7 24N. 24W.25 DACA 326 2857 2781.1 2.9 Good 10/84 T G,M 
W#8 24N. 24W.25 ADAD 440 2879 2868.1 2.9 Poor 3/85 D G,M, I 
W#9a 24N. 24W.24 AACB 69 2878 Good 8/83 T 
W#9b 24N. 24W.24 AACB 14 2878 Good 8/83 T — 
W#10 24N. 23W.16 BCBB 283 2921 2899.0 .9 Good 4/84 T G,M 
W#ll 24N. 23W.17 BABA — 2915 2891.0 1.8 - - D G,M 
W#12 24N. 23W.08 DADD — 2924 2914.2 6.3 - - D G ,M, I 
W# 13 25N. 23W.33 CADC ( 60) 3050 3017.0 11.8 - - S G,M, I 
W#14 24N. 23W.17 DACD (170) 2925 -no access- ? / 50 D G,M 
W#15 24N. 23W.20 AABB (250) 2915 -no access- — S G,M 
W#16 24N. 23W.21 BCDB (250) 2931 2897.9 1.6 — N — 
W#17 24N. 23W.27 AABA 69 3019 2956.5 2.8 ?? N — 
W#18 24N. 22W.30 BCCC 460 3157 2910.6 .9 Good 10/84 T G,M 
Key Use: T=Test/Observation, N=None, S=Stock, D=Domestic 
Samples: G=General Ionic, M=Metals, I=Isotopes 
Well Depth: (xxx1)=Reported 
Water Depth: Median Elevation of Static Level Range 
A total of eighteen springs have been identified, located, and sampled in the 
basin (Figure 3.2). Discharge varies greatly between the eighteen springs, 
ranging from little more than a continuous seep for most of the higher elevation 
O 
sites, to an average of 2.2 ft /sec at Sullivan Springs S#1 which is situated at 
the contact between lake bed silts and Precambrian bedrock at the north end of 
Niarada Gap. A summary of the spring inventory is shown in Table 3.2. 
28 
TABLE 3.2: SPRING INVENTORY DATA 
SPRING LOCATION ELEVATION DISCHARGE USE SAMPLES 











( * )  G,M, I 
S#2 24N.24W. 24 BCDA 2865' .01 f S 
S#3 24N.24W. 12 CDBA 2910' < .01 f N G,M, I 
S#4 24N.24W. 13 BBAB 2940' .01 f S G,M 
S#5 24N.24W. 14 ABAA 3280' .01 f S G,M 
S#6 24N.24W. 12 BBBA 3140' < .01 f s G,M 
S#7 24N.24W. 01 CADB 3180' < .01 f s G,M 
S#8 24N.24W. 01 ACAD 3110' < .01 f s G,M 
S#9 24N.23W. 07 BAAD 3080' .01 f s G,M 
S#10 24N.23W. 05 CBAC 3040' < .01 f N G,M 
S#ll 24N.23W. 08 CDDA 2910' .10 f S,I G,M, I 




S# 13 25N.23W. 29 DDBD 3300' < .01 f s G,M 
S# 14 25N.23W. 33 BADA 3150' .01 f s G,M, I 
S#15 25N.23W. 33 DBDA 3100' < .01 f ~/Sec N G,M 
S#16 25N.23W. 34 ABCD 3190' .01 f ,/Sec s G,M 
S#17 24N.23W. 10 BDCA 3355' < .01 f ,/Sec N G,M 
S#18 24N.23W. 09 DDCC 3040' .02 f /Sec D,S G,M, I 
Key Use: T=Test/Observation, N=None, S=Stock, D=Domestic 
(*)= S#1 feeds lower Sullivan Creek which is 
used for stock and irrigation downstream 
Samples: G=General Ionic, M=Metals, I=Isotopes 
SEISMIC REFRACTION SURVEY RESULTS 
The final interpretations of eight seismic refraction surveys are presented in 
cross-sectional format in Figures 4.2 through 4.11 beginning on page 64. While 
minor refinements have been made to the computed profiles based on subsequent­
ly available dril l-hole data, the preliminary computed profiles available at the 
time of dril l ing provided fundamentally accurate representations of cross-section­
al geometries of the particular basins. As inspection of the profiles will show, 
all of the basins have asymmetrical cross-sectional profiles, and hence, proper 
siting of the monitoring wells in the deepest part of the respective channels 
would have been a hit or miss proposition without the use of seismic 
information. 
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In addition to providing information about the shape of the basins prior to 
dril l ing, the seismic data proved valuable in predicting depths to the respective 
horizons as well. Table 3.3 lists a comparison between the seismic predicted 
depths to bedrock and the actual depths as determined by dril l ing. 
TABLE 3.3: ACCURACY OF PRELIMINARY SEISMIC PROFILES 
SEISMIC ACTUAL 
SEISMIC WELL PREDICTED DRILLED PERCENT 
PROFILE NAME ID DEPTH DEPTH ERROR 
Big Draw West S-N W#1 403' 394' 2.3% OVER 
Su11ivan Creek E-W W#2 155' 183' 15.3% UNDER 
Cromwell Creek W-E W#3 138' 130' 6.1% OVER 
McDonald Field S-N W#4 285' 303' 5.8% UNDER 
Sul1ivan Flats W-E W#5 326' 309' 5.5% OVER 
Sullivan Flats S-N W#5 314' 309' 1.6% OVER 
Sullivan Spring E-W W#6 339' 373' 9.1% UNDER 
Jackson Field E-W W#7 285' 326' 12.6% UNDER 
Longbranch E-W W#8 360' 338' 6.5% OVER 
Table 3.3 shows that except for the upper Sullivan Creek and Jackson Field 
profiles, the original seismic predictions were within ten percent of the true 
bedrock depth, with six sites within six percent. This is consistent with the ten 
percent error range often stated in the literature (Haeni, 1986). The larger 
underestimation errors at upper Sullivan Creek and Jackson Field are possibly 
related to two causes: "sideswipe", and/or the lack of high frequency resolution 
in field and solution techniques. 
Sideswipe occurs when the law of refraction (or reflection) is satisfied out of 
the vertical plane. One possible situation in which this would occur is if a 
buried bedrock surface were, 1) striking roughly parallel with and dipping toward 
the profile line, and, 2) closer to the shotpoint than the bedrock directly below 
the line. In this instance, the first P-wave arrivals detected at surface geo-
phones would be from the dipping "side-ways" bedrock and not from the bedrock 
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vertically below the profile line. The resultant error would underestimate the 
true depth to bedrock in the vertical section as has possibly occurred in the 
Sullivan Creek and Jackson Field profiles. 
Other possible sources of underestimation error may be related to the lack of 
high frequency resolution of the bedrock topography caused by: 1) too wide of 
a geophone spacing, or; 2) masking by the iterative ray tracing procedure in the 
Sipt-77 program. Inspection of the Sullivan Creek profile in Figure 4.4 shows 
that the upper Sullivan Creek Well #2n was dril led directly into a sharp, V-
shaped "bedrock valley" in the seismic interpretation. It is possible that the 
bottom of this depression is actually a steep-sided channel which was too narrow 
(short wavelength topography) to generate an inflection in the P-wave arrival 
data with geophones spaced 50' apart. Hence, the computed refraction profile 
would only "see" the banks of the channel and not the true bottom. Another 
possibility is that an inflection in the P-wave arrival data was received but was 
smoothed over by the iterative ray tracing corrections of the Sipt-77 program. 
A second well (W#2s) was dril led in the upper Sullivan Creek drainage, 134' 
south and down gradient of well #2n and directly in line with the apparent axis 
of the valley. The second well bottomed out in bedrock at an elevation 23' 
higher than the up gradient well. The most probable explanation for this anom­
alous bedrock elevation is that the southern well missed the channel that the 
northern well was completed in even though both wells were directly in line with 
the long axis of the valley. This can only occur if the bedrock channel is sin­
uous and narrow. The presence of a narrow and winding channel in the upper 
Sullivan Creek drainage could induce errors in the seismic profile both from the 
lack of high frequency resolution of such short wavelength topography and from 
out of plane refractions off the steep-sided channel walls. 
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MONITORING WELL CONSTRUCTION RESULTS 
Detailed dril l logs and the resulting stratigraphic sections for the seven pro­
ject constructed monitoring wells, Jackson Field Well #7, Coca Well #10, and Big 
Draw East Well #18 are presented in Appendix A. 
Well logs are primarily keyed on the type and relative percentages of the dom­
inant sediment types in each stratigraphic sequence. In addition, the logs are 
keyed to the gradational changes in: grain size, color, and the mineralogy of 
the sand and gravel; the ability of a layer to produce water with only the end 
of the casing open to the aquifer, and; the difficulty involved in advancing the 
casing through a stratigraphic layer. The accompanying stratigraphic sections 
are all scaled 50':1", with layer boundaries identified both as feet below land 
surface and elevation above sea level. Both the well logs and stratigraphic sect­
ions indicate the interval of casing perforated during completion of each well. 
Inspection of the well logs shows that the base of the unconsolidated material 
in the Sullivan Flats basin ranges from approximately 300' to 400' below land 
surface in the main basin and 100' to 175' in the shallower tributary drainages 
of Upper Sullivan and Cromwell Creeks. In general, the most prolific sand and 
gravel layers are in the lower third of the unconsolidated sedimentary sequence 
with the middle third being comprised mainly of low conductivity silty-sand and 
the upper third comprised of very low conductivity silt and clay. The well log 
and stratigraphic section for Cromwell Creek well #3s represent a composite of 
two test wells dril led at the site. The original well contacted Tertiary bedrock 
at 130' which was subsequently dril led to a total depth of 206' to examine the 
occurrence different layers in the Tertiary sediments. During an attempt to pull 
back the steel casing to expose the permanent plastic casing (as described in the 
section on dril l ing methods), the steel casing broke, thus ruining the well and 
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forcing its abandonment. The current Cromwell Creek well #3s is located 75' 
east of the original site, encountering the same stratigraphy but bottoming in 
Tertiary bedrock at 99' instead of at 130' as in the original well. The logs from 
both wells have been combined in the dril l log and stratigraphic section figures. 
The Big Draw East well #18 was dril led as a test well by the U.S.G.S. in Oct­
ober, 1984. It is the only test well that did not reach the base of the unconsol­
idated glacial material in the basin. Control of the hole was lost at 480' because 
of flowing sand and the lack of sufficient compressed air to lift the dril l cut­
tings to the surface. The stratigraphic sequence encountered at the Big Draw 
East site is also very different than at the other test well locations. Instead of 
the general coarsening downward sequence found at all of the other well sites, 
well #18 encountered repeated sequences of gravel, sand, and silt/clay, indicating 
a different depositional setting than that active in the main Sullivan Flats basin. 
WATER LEVEL MONITORING RESULTS 
Static water level data for wells in the Sullivan Flats basin are presented in 
Appendix B. Water level measurements for well #17 date back to July, 1975 
(Boettcher,1982). Quarterly water level monitoring of wells #3n, #7, #9, and #18 
began in 1983 as a part of a cooperative study between the Confederated Salish 
and Kootenai Tribes and the U.S.G.S. (Slagle, 1986). As part of this project, 
sixteen wells have been monitored on a monthly basis since September, 1985. 
Computer generated hydrographs of these wells are presented in Figures 3.3 
through 3.17. The hydrographs show one water year on the horizontal axis, Oct­
ober through September, superimposed with both 1986-87 and 1985-86 data. 
Because of the variance in total water level fluctuations between wells, the 
hydrographs are presented with two different vertical scales. 
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Figure 3.3: Hydrograph of Big Draw West Well #1. 
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Fiaure 3.6: Hydrograph of Mcdonald Field Well #4. 
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SULLIVAN FLATS WELL-5 
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Figure 3.7: Hydrograph of Sullivan Flats Well #5. 
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Figure 3.8: Hydrograph of Sullivan Springs Well #6. 
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JACKSON WELL—7 
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Figure 3.9: Hydrograph of Jackson Well #7. 
LONGBRANCH WELL-8 





—' • -D 





SEP JUN JUL AUC APR MAY MAR OCT NOV DEC JAN 
UONTH 
O 1983-86 MEASURE PTS A 1986-87 MEASURE PTS 






STATIC WATER LEVELS 7/30/88 - 5/1 VB7 
— 2.901 
Z |  






OCT NOV DEC UAN FEB MAR APR MAY JUN JUL AUC SEP 
MONTH 
1985-86 MEASURE PTS 1986-87 MEASURE PTS 
Figure 3.11: Hydrograph of Coca Well #10. 
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Figure 3.12: Hydrograph of McDonald House Well #11. 
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MULLEN HOUSE WELL-12 
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Figure 3.14: Hydrograph of Carvojal Stock Well #13. 
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WAYNO LINDBOM WELL-16 
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Figure 3.15: Hydrograph of Lindbom Well #16. 
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Figure 3.17: Hydrograph of Big Draw East Well #18. 
The most striking distinction between the well hydrographs is the difference in 
magnitude of the seasonal water level fluctuations displayed. From February to 
June, 1986, wells #2s and #3s in the upper Sullivan Creek and Cromwell Creek 
inputs to the basin recorded water level increases of 22.7' and 25.3' respectively, 
while wells #1 and #18 in the Big Draw input to the basin recorded increases of 
only 1.8' and 3.4' respectively. In the Niarada Gap outflow from the basin, wells 
#6 and #8 showed increases of 1.1' and 0.9' from February to June, 1986. Wells 
#4 and #5 in the central part of the basin showed intermediate increases in 
static water level of 3.3' and 6' respectively. Admittedly, the differences in 
magnitude of potentiometric fluctuation between sites are directly dependent on 
many factors including the storage, transmissivity and cross-sectional area of the 
aquifer near the well sites. However, the large rises in water level recorded in 
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wells #2s and #3s during the spring of 1986 strongly suggest that a significant 
portion of the recharge to the Sullivan Flats aquifer is being received through 
the Cromwell and Upper Sullivan Creek drainages on the north of the study area. 
A second distinction that can be made between the hydrographs concerns the 
timing of the peak water levels. During 1986, water levels in the upper Sullivan 
Creek wells (#2s and #2n) and the Mullen well (#12) peaked around the first of 
June. In contrast, the Cromwell Creek wells (#3s and #3n) essentially reached 
their maximum water levels in mid-to-late March and were already steadily 
declining by June. Most of the other wells in the basin including #1, #4, #5, 
and #6 follow the Cromwell Creek trend of peaking in late March and declining 
through June, 1986. Anomalous to this trend was the Big Draw East well #18 
which peaked during July and August, 1986. 
Water level data collected during the 1986-87 water year (October 1, 1986 
through September 30, 1987) show that ground water levels started out higher 
than in 1985 but generally followed the same pattern as during the 1985-86 water 
year. Spring recharge increases in water level for 1987 lagged behind those 
recorded in 1986 both in timing and in magnitude. 
A potentiometric surface map and three-dimensional projection of the Sullivan 
Flats aquifer showing head distribution and direction of ground water movement 
for October 1986 is presented in Figure 4.17 on page 96. The map was gener­
ated by the computer flow model and micro-computer contouring software from 
actual field water level measurements. Interpretation of the map and its import­
ance to the occurrence and movement of ground water will be discussed in the 
section on ground water flow in the basin. 
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WATER QUALITY SAMPLING RESULTS 
A complete listing of water quality data for the Sullivan Flats sample sites is 
presented in Appendix C. This data includes the site identification, sample num­
bers, sample dates, field parameters, and the results of chemical analyses per­
formed at each site. Results of analyses for general ionic constituents are pre­
sented in bar-graph format in Figures 3.18 through 3.26 and in map format in 
Figure 4.31 (p.107). The bar graphs show the maximum, minimum, and average 
concentrations detected if the site was sampled more than once. Details of 
sampling frequency and dates can be found by examining tables in Appendix C. 
Data on iron, manganese, and zinc concentrations are presented in Figure 3.27. 
As can be seen in Figure 4.21 (p.107) the chemical composition of ground 
water in the Sullivan Flats basin can be divided into three distinct types. 
Ground water in the eastern part of the main basin, as sampled in wells #1, #3s, 
#10, #14, #15, and springs S# 17 and S#18, is a calcium-bicarbonate type with a 
total dissolved solids (TDS) concentration averaging 270 mg/l. The five wells are 
all completed in the up-gradient portion of the primary gravel aquifer in the 
basin. The two springs flow from fractures in the Precambrian Belt bedrock, 100 
to 350 vertical feet above the surface of the basin. Except for the occurrence 
of iron and manganese concentrations a few hundredths of one milligram per 
liter above detection limits in five of the well samples, no trace metals have 
been detected in this water type. The chemical composition of this water is 
typical of the high quality water generally found in association with Belt rocks 
in other places on the Flathead Indian Reservation (Slagle, 1986). In light of 
the regional occurrence of this water type, and its dominance in recharge to the 
Sullivan Flats flow field, the low TDS, calcium-bicarbonate water composition 
will be referred to as the "background" water chemistry in the basin. 
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The second distinct water type in the basin is most evident in the Upper Sull­
ivan Creek drainage, and hence, will be referred to as the "Sullivan Creek" type. 
This water is dominated by a calcium-magnesium-sulfate composition with TDS 
values in the 350 to 450 mg/l range (Figures 3.18, 3.19, 3.22, 3.26), as sampled in 
wells #2s, #2n, #12, #13, and spring S# 11. These four wells are completed in the 
sand and gravel of the upper Sullivan Creek alluvium. Spring S# 11 flows from 
the contact between lake bed silts and Tertiary volcanic bedrock at the inter­
section of the Upper Sullivan Creek drainage and the main basin. Another 
characteristic of the upper Sullivan Creek water type is the presence of zinc. 
Analyses of samples from wells #2s, #2n, and #13 show zinc concentrations of 
.07 mg/l, .07 mg/l, and .87 mg/l respectively (Figure 3.27). Duplicate samples 
from well #12 taken in April 1986 showed .21 mg/l, and .20 mg/l zinc, however, 
samples taken before and after the April sample showed .03 mg/l and < 02 mg/l 
respectively suggesting possible contamination of the April sample. Although the 
water of spring S#11 has the distinct calcium-magnesium-sulfate composition of 
the Upper Sullivan Creek drainage, no detectable zinc was found at this site. 
The third water type in Sullivan Flats is found in the western end of the 
basin in springs S#3, S#4, and in well #5. These sites are dominated by a high 
TDS sodium-bicarbonate water (Figures 3.20, 3.21, 3.26) with an almost total 
absence of sulfate. Interestingly, spring S#3 flows with an anomalously high 
surface temperature of 23 C (compared to an average temperature of 12 C for 
ground water in the basin), thereby indicating flow from a deep circulation 
system. The water of spring S#4 is almost identical in chemical composition to 
spring S#3 but has a more moderate temperature of 16 C.. While the compos­
ition of water from well #5 shows the distinct influence of the sodium-bicarbon-
ate water type of the warm spring S#3, concentrations are lower, probably as a 
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result of mixing with the lower TDS background water in the main Sullivan Flats 
flow field. Trace metal analysis shows that both springs S#3 and S#4 have iron 
concentrations in the .05 to .16 mg/l range and no detectable manganese while 
samples from the completed well #5 show .27 mg/l iron and an average of 07 
mg/l to .16 mg/l manganese. No other trace metals were detected at these sites. 
This third water type will be referred to as the "Warm Spring" type. 
The chemical composition of water from the remaining sites in Sullivan Flats 
suggest that the calcium-bicarbonate background composition is by far the dom­
inant water type in the basin. Well #4, located in the center of the basin 
immediately down-gradient from the junction of the Upper Sullivan Creek drain­
age, shows essentially no increase in calcium or magnesium concentration and 
only a slight increase in the sulfate concentration (compared to background level 
wells #1, #3, and #10) as a result of mixing with the Sullivan Creek water type. 
Likewise, samples from the completed well #6 and spring S#1 in the Niarada Gap 
outflow from the basin show no significant increase in sodium, chloride, or 
bicarbonate over background levels which may be expected to result from mixing 
with the Warm Spring water type. As a note, however, the values shown in the 
"maximum" bar for sodium, chloride, and bicarbonate concentrations in well #6 
(Figures 3.20, 3.23, 3.21) all result from a sample taken at the first gravel layer 
encountered at 291' during the dril l ing process. This upper gravel layer is 
isolated from the lower gravels by a five foot thick clay layer which might 
explain the difference in water quality observed between the first sample and 
subsequent samples taken after the well was completed in the lower unit. 
Also anomalous to the water quality trends discussed so far are the wells #8 
and #11, both of which are completed in bedrock. Well #8 is located in the 
Niarada Gap outflow from the basin and is cased through the alluvial aquifer but 
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open to 100' of uncased Belt rock. Noteworthy differences in the composition of 
water in W#8 are high concentrations of chloride (9.6mg/l), iron (1.04mg/l), and 
manganese (,22mg/l). This chemical assemblage has not been found anywhere 
else in Sullivan Flats. Well #11 is completed in Tertiary welded tuff deposits 
and has higher than background concentrations of sulfate (52mg/l), sodium 
(60mg/l), chloride (7.8mg/l), bicarbonate (263mg/l), potassium (12.5mg/l), and 
silica (77mg/l). Tritium analysis on samples from wells #8 and #11 also suggest 
a different origin for the water at these sites. 
lO 1C 
Results of the analyses for tritium and O/ O are presented in Table 3.4. 
From the table it is apparent that water samples from wells #1, #8, #11, and 
Warm Spring S#3 show considerably lower concentrations of tritium than other 
sample sites in the basin. In contrast to the tritium data, Table 3.4 shows little 
18 
difference in the amount of isotopic 0 detected at the sample sites. The 
18 
significance of the tritium and 0 results will be discussed later in this report. 
Tak 1 ft "3 A * Drtn i 1 r r t f  f t  i  i m  18n Anal \ , p i p  
Site Site Sample 3H Activity 180 SMOW 
Name ID Date (PCI/Liter) (permi1) 
Big Draw West Wei 1 W#1 7-30-86 6.4 2.4 -17.4 0. 3% 
Sullivan Creek Well W#2s 8-6-86 72. 2. -17.5 0. 3% 
Cromwell Creek Well W#3s 8-7-86 78. 3. -17.5 0. 3% 
McDonald Field Well W#4 9-16-86 95. 3. -17.8 0. 3% 
Sullivan Flats Well W#5 8-1-86 33. 4. -19.3 0. 3% 
Sullivan Spring Well W#6 8-3-86 32. 4. -18.1 0. 3% 
Longbranch Well W#8 8-21-86 9.5 5.4 -17.9 0. 3% 
McDonald House Well W#ll 10-22-86 < 7. -17.4 0. 3% 
Mullen House Wei 1 W#12 10-22-86 42. 4. -18.0 0. 3% 
Carvojal Stock Well W#13 8-20-86 37. 2. -17.5 0. 3% 
Windmill Well W#15 10-22-86 19. 2. -17.8 0. 3% 
Sullivan Spring S#1 10-22-86 31. 2. -17.9 0. 3% 
Brown Spring S#18 10-22-86 28. 2. -17.9 0. 3% 
Warm Spring S#3 10-22-86 10. 2. -17.9 0. 3% 
— Duplicate --> 13. 2. 
McDonald Spring S#ll 10-22-86 79. 2. -18.9 0. 3% 
Carvojal Spring S#14 10-22-86 36. 2. -18.2 0. 3% 
Cromwell Creek 10-22-86 35. 2. -17.1 0. 3% 
- - Duplicate --> -17.1 0. 3% 
Upper Sullivan Creek 10-22-86 55. 3. -16.4 0. 3% 
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CALCIUM ION CONCENTRATION 
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Figure 3.20: Sodium ion concentration in sampled wells and springs. 
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Figure 3.23: Chloride ion concentration in sampled wells and springs. 
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POTASSIUM ION CONCENTRATION 
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Figure 3.24: Potassium ion concentration 1n sampled wells and springs. 
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Figure 3.25: Silica concentration in sampled wells and springs. 
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Figure 3.26: Total dissolved solids 1n sampled wells and springs. 
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Figure 3.27: Selected trace metal concentrations in sampled wells and 
springs. 
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AQUIFER TESTING RESULTS 
Complete results of the aquifer tests conducted on project wells in the Sulli­
van Flats basin are presented in Appendix C. This information includes tables of 
time verses drawdown, corrected-drawdown, and calculated-recovery data for 
each monitored well. Selected plots are presented in Figures 3.28 through 3.34. 
In beginning this discussion it is important to note that all of the solution 
techniques for determining aquifer transmissivity and storativity under transient 
flow conditions are based on certain assumptions defined by Theis (1935). 
Quoting Lohman (1983), the Theis assumptions are: 
1) the aquifer is homogeneous and isotropic, 
2) the water body has infinite areal extent (practically its boundaries are 
beyond the effects of the well in the time considered), 
3) the discharging well penetrates the entire thickness of the aquifer, 
4) the well has an infinitesimal diameter (of no practical significance for 
periods of pumping longer than a few minutes), and 
5) the water removed from storage is discharged instantaneously with decline 
in head. 
As is often the case, one or more of these constraints have been violated to 
some degree in all of the aquifer tests performed in the Sullivan Flats basin. 
Primarily, assumptions one and two are the least applicable to the Sullivan Flats 
aquifer. From drill ing logs it is apparent that aquifer thickness varies greatly in 
different parts of the area thereby violating the homogeneity assumption. In 
addition, surface topography and seismic refraction profiles show that the aquifer 
is far from being "infinite in areal extent" as required by assumption two Still, 
in many cases the violation of these constraints is not so severe as to preclude 
at least a "ball-park" estimate of transmissivity and storativity of the aquifer. 
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Valuable information has been gained regarding the type and number of boundary 
conditions present in an area, the relative influence of these boundaries on dif­
ferent wells, and the differences in calculated transmissivity between individual 
sites. The aquifer test data has also proved essential for calibrating the ground 
water flow model which can, if properly configured, duplicate the combined 
effects of the multiple boundary conditions found in the basin. 
The time/drawdown data recorded at observation wells during aquifer testing of 
the upper Sullivan Creek and Cromwell Creek sites indicate that no-flow aquifer 
boundary conditions exist in close proximity to both of the tested wells (#2s and 
#3s). As detailed above, detection of no-flow boundaries at these sites was 
expected given the narrow and linear shape of the aquifers as defined by surface 
topographic trends and seismic refraction imaging. Because of the substantial 
influence of these boundaries on the drawdown response curves, transmissivity 
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Figure 3.28: Aquifer test drawdown plot for Sullivan Creek No. Well #2n. 
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For example, the log-log plot of drawdown verses time for the Sullivan Creek 
North (observation) Well #2n (Figure 3.28) shows the effects of two different no-
flow boundary conditions. The increased rates of drawdown beginning at 1 25 
minutes and 23.0 minutes into the test are most likely the result of the pumping 
well's (W#2s) cone of influence intersecting first the near wall and then the far 
wall of the buried channel that defines the aquifer (see section on seismic 
refraction results). Hence, the best estimates of transmissivity and storativity of 
the upper Sullivan Creek aquifer are based on the early data obtained before the 
first boundary effect was encountered at 1.25 minutes. This data indicates a 
transmissivity of 9,000 ft2/day (K = 200 ft3/day) and storativity of 1.02 E-4. 
Time/drawdown data for the Big Draw West Well #1 indicates that a recharge 
boundary condition is present within the aquifer near that site (Figure 3.29). 
BIG DRAW WEST WELL #1 
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Figure 3.29: Aquifer test drawdown plot for Big Draw West Well #1. 
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As there are no adequate observation wells near the Big Draw site, the only 
available drawdown data are from the pumping well itself. With only this one 
set of drawdown response data, it is impossible to determining the direction to 
the recharge boundary from the pumping well. However, the presence of this 
boundary lends substantial support to the interpretation of glacial sedimentation 
in Big Draw as presented in the section on aquifer geometry later in this report. 
McDonald Field well #4 is a large capacity flowing well located near the 
center of the Sullivan Flats basin. The central location and large discharge 
capacity of the well proved valuable by allowing a total of nine other project 
and domestic wells to be used as observation wells for the sixty-eight hour test. 
As explained in the "Methods" section earlier in this report, a constant draw­
down aquifer test technique was employed for well #4. This technique assumes 
drawdown to be constant and defined as the difference between the static (shut-
in) potentiometric head and the height to which the water rises while flowing 
over the casing during the test. The decreasing rate of discharge of the well is 
measured over time and plotted for graphical solution. Analysis of the well #4 
2 
test data with this technique gave a transmissivity value of 45,000 ft /day. 
Analysis for storativity at the site was inconclusive. 
A significant drawback of constant-drawdown aquifer tests is that since the 
discharge is not constant, no formal solution technique is available for analyzing 
the drawdown response recorded at remote observation wells. However, as 
Figure 3.30 shows, the discharge for well #4 declined rapidly from an initial 462 
gpm to 446 gpm at 100 minutes, 443 gpm at 180 minutes, and a fairly constant 
435-439 gpm from 1400 minutes to the end of the test at 4100 minutes. There­
fore, using a weighted average discharge rate of 438 gpm and concentrating on 
observation well drawdown recorded after 200 minutes, a rough approximation of 
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a constant-discharge analysis can be performed on the observation well data 
obtained during the well #4 test. Results of the well #4 aquifer test are presen­
ted in Table 3.5. 
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Figure 3.30: Discharge vs. time plot for McDonald Field Well #4. 















-- Transmissivity expressed as ft /day --
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24,000 4.57 E-622,800 4 
25,900 4.93 E-6 30,200 4 
28,300 9.97 E-5 38,500 8 
30,572 1.29 E-4 74,500 
no response 
45,000 
pressure gauge failed 
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As can be seen in Table 3.5, calculated transmissivity values for wells #1, #10, 
#12, and #14 in the eastern part of the central basin range around 20,000 ft2/ 
day. The question is, given the obvious violations of the Theis assumptions in 
the Sullivan Flats basin, how reliable are these values? A key to this question 
can be seen in the log-log plots of data recorded at the Coca Well #10 during 
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Figure 3.31: Aquifer test drawdown plot for Coca Well #10. 
Well #4 aquifer test data from well #10 was recorded by a Stevens Type-F 
continuous water level recorder operating with a twelve hour clock. This data 
represents the most detailed and complete observation well data recorded during 
the well #4 test. Inspection of Figure 3.31 shows that the three earliest data 
points fall on a different curve than the data points recorded after 45 minutes 
into the test. If the data recorded after 45 minutes is considered to be a valid 
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"Theis response", it is very difficult to define a mechanism that explains why the 
early data points are located above the Theis curve fitting the rest of the data 
A more workable hypothesis, however, is that the early data constitutes the best 
Theis response and the increased drawdown recorded after 45 minutes is the 
result of the previously mentioned no-flow boundary conditions present in the 
Sullivan Flats aquifer. If the early data is in fact the true Theis response, it 
follows that 98% of the time verses drawdown data collected at observation wells 
during the well #4 test (data recorded after 45 minutes) is the result of bound­
ary influenced aquifer response, and hence, will under-estimate transmissivity and 
over-estimate of storativity if analyzed using standard curve matching techniques. 
For example, solving for T and S with the early data from Coca well #10 using 
both log-log curve-matching and semi-log straight-line techniques yields T values 
2 of 125,000 ft /day and S values of 1.0E-5. This transmissivity value is six times 
larger than the T value calculated from the later data, as presented in Table 3.5. 
This does not mean that all of the T values in Table 3.5 can be justifiably 
multiplied by a factor of six to give a better estimate of transmissivity in the 
basin. Nonetheless, given the quality of data recorded at well #10 and this 
well's response to the well #4 test, it is safe to conclude that all of the T 
values generated from observation well data in the Sullivan Flats basin are lower 
than the actual transmissivity of the aquifer. 
Probably the single most important aquifer test in the Sullivan Flats basin was 
the thirty-one hour test of the Sullivan Spring Well #6 located in the up-grad-
ient end of the Niarada Gap outflow from the basin. Well #6 flows at approxim­
ately 230 gpm from a six inch casing with only 1.3' of head. For the test, the 
casing was extended two feet to prevent the well from flowing and then was 
pumped at 313 gpm. Observation wells for this test included the Jackson well #7 
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which was fitted with a digital water level recorder set for five minute sample 
intervals and the Longbranch Well #8 which was measured with a steel tape. 
Transmissivity values calculated from pumping and observation well data 
(Figures 3.32-3.34) obtained during the well #6 test are among the highest values 
recorded in the basin. As with the other aquifer test sites already described, 
the aquifer near well #6 is long and narrow therefore violating the Theis assum­
ptions regarding homogeneity and infinite lateral extent of the system. Yet, 
even with the probability that the test data was strongly influenced by no-flow 
boundary effects similar to those described in the well #4 test, well #6 test data 
indicated a transmissivity of 65,000 ft2/day and a storativity of 2.1 E-4 for the 
area immediately surrounding the well #6 site. Given the fact that no-flow 
boundary influenced data will under-estimate transmissivity, the actual transmis­
sivity of the aquifer near the Sullivan Springs well may be many times higher. 
SULLIVAN SPRINGS WELL #6 
CORRECTED DRAWDOWN - WELL #6 TEST 
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Aquifer test drawdown plot for Sullivan Spring Well #6. 
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In addition to indicating a high transmissivity, the drawdown data from the 
pumping well #6 shows the effects of a recharge boundary condition being rec­
orded beginning at thirty minutes into the test. The most probable source of 
this boundary effect is the interaction of the tested well's cone of depression 
with the flow field of Sullivan Spring, 1,100' to the north-west of well #6. 
By far the most important aspect of the well #6 test relates to the water level 
fluctuations recorded at the two observation wells W#7 and W#8. As can be 
seen in Figure 3.33, drawdown began almost immediately at the Longbranch Well 
#8, reaching a maximum drawdown of .47' during the pumping of well #6. After 
the pump was turned off in the test well #6 at 1890 minutes, well #8 immediat­
ely began to recover, eventually reaching a water level .08' below the pre-test 
static level. 
LONGBRANCH WELL #8 - RAW DRAWDOWN DATA 
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Figure 3.33: Aquifer test drawdown plot for Longbranch Well #8. 
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During this same pumping period the Jackson Well #7 also showed a decline in 
water level. However, once the pump in well #6 was turned off at 1890 minutes, 
the water level in the Jackson Well continued to decline at the same rate as 
during the pumping period and did not recover as water level in well #8 did. 
Linear regression analysis of the pumping and post-pumping drawdown data from 
well #7 shown in Figure 3.34, indicate that the water level in well #7 was act­
ually declining slightly faster after the pump in well #6 was turned off. The 
only plausible conclusion to be reached is that the water level decline recorded 
in the Jackson well during this period was solely the result of some other influ­
ence and was not related to the aquifer test being performed at the Sullivan 
Spring Well #6 site only 4600 feet to the north. 
JACKSON WELL #7 - RAW DRAWDOWN DATA 
RESPONSE TO WELL #6 TEST 
0.7 
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Figure 3.34: Aquifer test drawdown plot for Jackson Well #7. 
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CHAPTER IV — INTERPRETATION 
GEOLOGY 
Basin Geometry and Sedimentation 
Stratigraphic information obtained from test wells and seismic surveys provided 
crucial data for interpreting the bedrock lower boundary of the Sullivan Flats 
aquifer. Seismic profiles and hydrostratigraphic cross-sections of selected areas 
of the Sullivan Flats basin are presented in Figures 4.2 through 4.11. A location 
map of these areas is shown in Figure 4.1. A structure contour map of the 
undifferentiated bedrock surface is presented in Figure 4.12 on page 74. 
The most striking anomalies in the structure map are the closed bedrock 
depressions near the Big Draw West site #1 and the Sullivan Spring site #6. The 
existence of these bedrock depressions provides a critical constraint for inter­
preting the dominant erosional process responsible for shaping the bedrock 
surface in the Sullivan Flats basin. 
As indicated in Figure 4.3, the elevation of the deepest part of the Big Draw 
seismic cross section is 2555', directly under Big Draw West well #1. The elev­
ation of the deepest part of the McDonald seismic cross section, directly under 
the McDonald Well #4, is 2577' (Figure 4.6), twenty-two feet higher than at the 
Big Draw site. The seismic data collected at these sites "grouped" very well and 
indicated no deeper channel cutting the McDonald cross section. Without a down 
gradient westward outlet from the depression, base level considerations cast 
doubt on the possibility that the present bedrock surface is the result of fluvial 
erosion by the westward flowing ancestral Flathead River, the presence of which 
in Big Draw was originally proposed by Elrod (1903) and Meinzer (1917). In 
addition, the location and shape of a second closed bedrock depression near the 
Sullivan Spring Well #6 site further discounts a fluvial erosional mechanism. 
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Seismic profiles and dril l hole controls show that the deepest parts of the 
McDonald cross section (site #4), to the east of the "Sullivan Spring depression 
and the Longbranch and Jackson cross sections (sites #7 and #8) to the south, 
are all at higher elevations than bedrock in the Sullivan Spring Well #6. As 
with the Big Draw site, the absence of a fluvial outlet from the Sullivan Spring 
depression strongly suggests that some mechanism other than fluvial erosion was 
responsible for shaping the bedrock surface in the Sullivan Flats basin. 
One possible explanation for both of these closed bedrock depressions is that 
they are actually the result of direct glacial erosion by an ice mass moving 
westward into the Sullivan Flats basin from Big Draw. Since the erosional 
dynamics of glacial ice are not limited by the same base level constraints as 
fluvial systems, a glacier could have readily eroded the bedrock depressions 
observed in Sullivan Flats. While there is no obvious, large-scale topographic 
evidence on the surface of Sullivan Flats for an earlier more extensive glacial 
advance, several lines of evidence do support the hypothesis that ice may have 
been present in the basin west of the Elmo moraine. This evidence includes: 
1) the presence of two "water gaps" cutting the western drainage divide of 
the basin which are more than 200' above the present surface of Sullivan 
Flats. These gaps currently drain back into Sullivan Flats from shallow 
depressions bounded by concave-eastward, arc-shaped ridges perched high 
on the Little Bitterroot side of the divide (Figure 4.14; p.81). However, 
the possibility that these ridges are actually morainal deposits is only 
speculative since their surface is comprised of lake bed silts and no gullies 
cut the ridges which might reveal a ti l l core; 
2) the presence of ti l l deposited high on the west slope of the divide separ­
ating Sullivan Flats from the Little Bitterroot Valley. These deposits are 
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exposed in a road cut west and down gradient from the water gaps but 
not part of the arc-shaped ridges bounding the water gap drainage areas; 
3) the presence of Belt gravel in a stratified sand and gravel deposit approx­
imately 100' above the present valley floor on the western margin of the 
basin (T.24N.R.24W.Sec 23; Figure 4.14; p.81). Stratification in the deposit 
dips toward one of the water gaps one-half mile to the west. The deposit 
rests on a highly eroded hillside of Tertiary volcaniclastic bedrock that is 
not down gradient from any immediate source of Belt rock material, there­
by suggesting some other transport mechanism for the deposit; 
4) the widely varying elevations and thicknesses of gravel layers encountered 
in other central basin test wells which are highly problematic when expl­
ained through simple fluvial mechanisms, and; 
5) the presence of low transmissivity zones in the main Sullivan Flats Aquifer 
as determined by computer modeling of the ground water flow system. 
The one explanation that can best accommodate all of these surficial and 
buried features is that at a time prior to the glacial stage responsible for the 
Elmo moraine, glacial ice fil led the Sullivan Flats basin including extensions 
through Niarada Gap and possibly even the perched water gaps on the western 
divide of the basin. As the ice retreated, drainage reversed direction in the 
water gaps and ice marginal gravels were deposited in uneven piles on the floor, 
margins, and high on the walls of the central basin. 
While the existence of a "Sullivan Flats Lobe" of the Flathead Glacier provides 
the most satisfactory explanation for the observed bedrock topography and 
geomorphic features in the basin, it is nearly essential to the explanation of 
sedimentation in the Sullivan Flats Aquifer. As the hydrostratigraphic sections 
show (Figures 4.3 through 4.11), the thickness and elevation of the primary 
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gravel and sand aquifer in the basin varies greatly from one location to another. 
For example, the uppermost gravel layer encountered in the Sullivan Flats Well 
#5 was at an elevation of 2688' With a total thickness of about 80', the source 
of this gravel and sand could not have been solely from the hills to the north 
and west of the site, but predominantly from the Big Draw drainage to the east. 
However, the elevation of the top of the gravel in well #5 is 26' higher than the 
uppermost gravel layer found in the up-gradient McDonald Well #4, and 110' 
above the highest gravel layer found in the farther up-gradient Big Draw West 
Well #1. Likewise, the top of the predominantly Belt gravel layers in the Coca 
Well #10 is at an elevation of 2767', 189' above the top of the gravel in the Big 
Draw West Well #1. While it is theoretically possible to accommodate the locat­
ions and thicknesses of these deposits through a complex sequence of deposition 
and subsequent erosion by the Ancestral Flathead River, the magnitude of the 
differences in elevation of the deposits, and hence, the implied changes in eros-
ivity of the fluvial system make a fluvial explanation unlikely. A far more 
probable explanation for these deposits, and one that explains the other anoma­
lous features observed in the basin as well, is that they are actually buried 
moraines and kame terraces representing ice marginal deposition during periods 
when earlier glacial advances pre-dating the Elmo moraine moved westward into 
the Sullivan Flats basin. 
Glaciation 
The existence of earlier more extensive stages of glaciation than those respon­
sible for the Pinedale deposition of the Elmo moraine are well documented in 
studies by Alden (1953), Nobles (1952), Richmond et al., (1965), and Smith (1966). 
The Elmo moraine is almost certainly correlative with the Poison moraine (Smith, 
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1966), both being mid-to-late Pinedale in age. The Mission moraine (Figure 
4.13), located 18 miles south of the Poison moraine, predates the Poison moraine 
(and therefore, the Elmo moraine) and has been assigned ages ranging from Late 
Bull Lake to Early Pindale (Smith, 1966). During the earlier more extensive 
glacial period responsible for depositing the Mission moraine, it seems probable 
that there was also ice extending down Big Draw past the present site of the 
Elmo moraine and into the Sullivan Flats basin. Smith (1966) detailed several 
"upper lateral" and "outer terminal" ti l l deposits in Big Arm bay as evidence for 
earlier more advanced glacial periods in the area. Whether the deposition of the 
buried Sullivan Flats gravels was directly concurrent with the building of the 
Mission moraine is beyond the scope of this investigation. However, all of the 
evidence strongly suggests that a pre-Elmo/Polson moraine glacial advance was 
directly responsible for the shape of the bedrock surface and the deposition of 
aquifer material in the Sullivan Flats basin. 
In addition, it seems likely that if the Pinedale Glacial period was extensive 
enough to dam the regional drainage and create Glacial Lake Missoula, a more 
extensive pre-Pinedale advance would also have been capable of creating a 
similar feature. For the purposes of discussion, this proposed pre-Pinedale 
glacial lake will be referred to as the Proto-Glacial Lake Missoula. The presence 
of Proto-Glacial Lake Missoula during the time of glacial activity in the Sullivan 
Flats basin is evidenced by its limiting the fluvial transport of outwash gravels 
thereby preventing the development of a large contiguous outwash plain, and 
subsequently allowing suspended particles of fine grained silts and clays to settle 
out of the waters in front if the ice. As the ice and glacio-fluvially transported 
sediment entered the lake, the gravel and coarse sand would be deposited near 
the ice front, whereas the finer materials would grade to sand and then silt and 
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clay with increasing distance from the source. Every test well dril led in the 
basin except the Big Draw Wells #1 and #18 (Appendix A), showed a general 
fining upward trend best explained by a regression of the ice front depositional 
system in conjunction with a transgression of the glacial lake environment. The 
presence of the lake's transport l imiting effects concurrent with the deposition 
of coarse glacial sediment is crucial to the interpretation of the geometry of the 
hydrostratigraphic sequence in the Sullivan Flats basin. 
The integration of all project information can be best explained by proposing 
at least four separate stages of glaciation in Sullivan Flats. At its earliest and 
most advanced position, the "Sullivan Lobe" probably extended over the entire 
basin, southward through Niarada Gap (Figure 4.14, position 1) and possibly even 
through the water gaps in the western divide. The terminal moraine during this 
stage was most likely located somewhere just south of Niarada Gap, outside the 
study area in the north-eastern corner of the Little Bitterroot Valley. During 
this period, ice marginal gravels were deposited high on the western flanks of 
the basin as ice fil l ing the water gaps (section 23 T.24N.R.24W.) spilled melt 
waters west into the Little Bitterroot arm of Proto-Glacial Lake Missoula. 
The second stage of the Sullivan Lobe involved a rapid retreat of the ice front 
to a location just north of Niarada Gap (Figure 4.14, position 2). This rapid ice 
retreat is probably the singly most important event affecting the present ground 
water flow system of the Sullivan Flats basin. The almost total absence of 
gravel recorded in well #8 located in the alluvium of the central part of Niarada 
Gap serves as evidence for both the rapidity of the ice retreat and the presence 
of Proto-Glacial Lake Missoula. If the retreat were not rapid, the ice would 
have had time to deposit a more substantial layer of stratified drift as it receded 
north through Niarada Gap. If the lake were not present during this retreat, 
80 
T  2  4  N  $ J $ 
O O 
o 
o U P P E R  













N I A R A D A  




P 2 3 W R 2 2 
i 
N 
• z  
0 1 
I- i  
S 0 ̂  If M . E  S 
I 
34, 
O o  
M j p  s h o w i n g  l o c a t i o n  o f  i c e  f r o n t s  
d u r i n g  p r o p o s e d  g l a c i a t i o n  o f  S u l l i v a n  M a t s  
outwash streams would have transported gravels into the depression in the 
Niarada Gap bedrock which was left freshly exposed as the glacier receded. As 
there is no evidence of any gravels in the central part of the Niarada Gap 
alluvial sequence, the scenario of rapidly retreating ice front in the presence of 
an impinging glacial lake best explains the sedimentation in the Niarada area. 
During this second stage of the Sullivan ice lobe, 80' of coarse gravel and 
sand was deposited near the present site of Sullivan Spring as the ice marginal 
outwash streams built a coarse gravel delta in the relatively quiet waters of 
Niarada Gap. The finer components of the transported sediment settled out in 
front of the delta forming a thick silt and clay plug in the central part of the 
gap. This proposed process of rapid glacial retreat accompanied by the building 
of a silt and clay plug in the resulting depression was repeated several times in 
the Sullivan Flats glacial sequence. It was probably also during this period that 
the sand and gravel layers were being deposited along the margin of the ice near 
the well #5 site in the northwest corner of the basin. 
The third stage of the proposed Sullivan Flats glacial sequence, again, involved 
a fairly rapid retreat of the ice front with little gravel deposition as a result of 
impinging lake waters (Figure 4.14, position 3). Evidence for this rapid retreat 
is strictly based on the presence of a low transmissivity zone as determined by 
the computer flow model discussed in the section describing the ground water 
flow system of the basin. After retreating rapidly for approximately 4,000', the 
ice slowed so that continual fi l l ing behind each successive terminal moraine was 
possible thereby maintaining continuous gravel layers and preventing the develop­
ment of a silt and clay plug as in Niarada Gap. The final location of the ice 
front during this stage of glaciation was probably somewhere near the McDonald 
Field Well #4 in the central part of the basin. It was also probably during this 
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time that the thick sequence of gravel and sand accumulated along the north 
lateral margin of the ice near the present location of Coca Well #10. 
The fourth and final stage of glaciation proposed in the Sullivan Flats basin 
involves the ice front making yet another retreat leaving the bedrock depression 
and thin gravel layer found at the Big Draw West Well #1 site. This retreat was 
presumably rapid enough to produce a thinning of the gravel layer but not rapid 
enough to totally prevent the deposition of gravel as occurred in Niarada Gap. 
While there is no other dril l hole information in the vicinity the Big Draw West 
site to indicate the thickness of the gravels in the area, aquifer testing at well 
#1 indicates a recharge boundary condition is located a short distance away 
(Figure 3.29, p.54). The most plausible geologic interpretation of this boundary 
is that it represents a thickening of the gravel aquifer near the well #1 site 
(Figure 4.3), and therefore, a local increase in transmissivity of the layer. This 
increase in aquifer thickness can most easily be explained as the result of sand 
and gravel deposition by ice marginal streams flowing along the north wall of 
the Big Draw valley. 
GROUND WATER FLOW SYSTEM 
Computer Flow Model 
A modular three-dimensional finite-difference ground water flow model devel­
oped by M.G. McDonald and A.W. Harbaugh of the U.S. Geological Survey has 
been used to quantify the occurrence and movement of ground water in the 
Sullivan Flats basin. The program is written in Fortran 77 and has been compil­
ed to run on micro-computers operating under the DOS operating system. This 
model can simulate ground water flow in three dimensions under a combination 
of confined, semi-confined, or unconfined flow conditions in aquifers with irregu­
lar boundaries and inhomogeneous composition. Sources of water include inflow 
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across model boundaries, areal recharge from precipitation, linear recharge from 
streams, point recharge from injection wells, and storage in the aquifer. Water 
can leave the system by outflow through model boundaries, wells, evapotranspira-
tion, and leakage to linear and point source surface water bodies. 
Determination of the aquifer flow field using finite-difference approximation 
techniques requires that the modeled area be discretized into layers and blocks, 
identified as "nodes", by superimposing a rectangular grid on a map view of the 
study area. Each layer of the Sullivan Flats flow field has been divided into 
uniform 500' by 500' blocks forming a horizontal grid of 40 columns by 42 rows 
(Fig. 4.15). For each of the resulting 3,360 nodes (42 rows * 40 cols. ~ 2 layers) 
in the Sullivan Flats model, the program formulates an equation defining flow 
between each of the six adjacent nodes in the three-dimensional grid system. 
The governing equation is based on Darcy's law (Fetter, 1980) describing flow in 
a porous medium. The three dimensional transient version of the partial differ­
ential governing equation applied at each node states that: 
d/dx  [Kx  (dh/dx)J + d/dy  [Ky  (dh/dy)] + 
d/dz  [Kz  (dh/dz)] -  W = Ss  dh/dt 
Where: 
x,y,z = Cartesian coordinates al igned along the major 
axes of hydraulic conductivity (Kx ,  Ky ,  Kz) (L/t) 
h = Hydraulic head (L) 
Ss  = Specif ic storage of the porous material (L i) 
W = Volumetric f lux per unit volume representing 
sources and/or sinks of water ( t  ) 
t  = Time (t) 
The resulting 3,360 linear equations are solved simultaneously through an 
iterative approximation technique called the Strongly Implicit Procedure. After 
each iteration, the head at each node is compared with the head from the prev­
ious iteration. When the maximum change in head from one iteration to the 
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next at each node is less than a specified "closure criterion", the model is said 
to "converge" and the approximation of the solution is complete. The Sullivan 
Flats model converges when the maximum head change at any node is less than 
one-thousandth of one foot. 
In addition to the main flow field calculations central to defining the ground 
water movement within the modeled area, the model also has the capability to 
account for the effects of stresses external to the flow field such as wells, 
drains, recharge, etc.,. Mathematically, these stresses are represented by the 
"W" term in the governing equation. Subroutines of the model used in the 
Sullivan Flats simulation include procedures to reproduce the effects of: 
1) no-flow boundaries by specifying "Inactive"' nodes as being outside the 
modeled flow field, 
2) recharge to and discharge from the basin by specifying "Constant Head 
Nodes'" at specific model boundaries, 
3) flow into and out of the fractured bedrock bounding the basin by specify­
ing the head and conductance of "General Head Nodes" at specific locat­
ions, 
4) flow to and from wells and constant flux boundaries by specifying the 
location and rate of discharge\recharge of "Well Nodes", and, 
5) flow to surface springs by specifying the location, elevation, and conduct­
ance of "Drain Nodes" 
The ability of the model to determine with mathematical precision the rate and 
direction of ground water flow while allowing the flexibility to account for the 
many complex external stresses acting on the system has proven to be an irrepl­
aceable tool for identifying important features of the Sullivan Flats aquifer It 
should be noted, however, that while a computer model can very accurately inte­
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grate "user-input" estimates of hydrologic parameters and thereby test the validity 
of a hypothesis, it does not necessarily follow that the hypothesis is a unique or 
true representation of the actual system. The process of using a model to esti­
mate the true hydraulic parameters of an aquifer depends on being able to indep­
endently determine, and thereby constrain as many of the variables affecting the 
flow as possible. 
Referring back to the discussion on the model's governing equation, five factors 
define the dynamics of ground water flow: the rate of ground water flow, the 
conductivity of the aquifer, the cross-sectional area the water must pass through, 
the hydraulic gradient "pushing" water through the system, and the change in 
storage in the aquifer based on the change in head at that site. The confidence 
with which each of these variables can be constrained varies, based on the meas-
urability of the factor and the area over which the factor can be sampled. 
For example, in Sullivan Flats, the water level in monitored wells can be pre­
cisely determined, therefore, the potentiometric head at these points and gradient 
between them is the most accurately known constraint on the flow system in the 
basin. Stil l, even with the confirmation of hydraulic continuity between sites 
through aquifer testing, the actual areal distribution of potentiometric head be­
tween sites is unknown. 
Less precisely known than potentiometric head is the geometry, and therefore, 
cross-sectional area of the aquifer. Seismic profiles and well logs provide fairly 
reliable constraints on the cross-sectional area of the aquifer in critical areas, 
but depending on the depositional environment, may be of limited value for defin­
ing the geometry of the aquifer at points in between. In fact, given the nature 
of the proposed glacial processes responsible for depositing the Sullivan Flats 
alluvium and the widely varying thickness of the aquifer recorded in dril l logs, 
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between site extrapolations of aquifer geometry based solely on seismic and dril l 
hole information must be viewed with skepticism. There are some constraints that 
may be placed on aquifer thickness, however, based on the modeled distribution of 
transmissivity in a confined aquifer like Sullivan Flats. The use of the model for 
this purpose will be detailed in the following section on aquifer geometry. 
The third variable in the governing equation is the hydraulic conductivity of 
the system. Since the two layer Sullivan Flats aquifer is a confined system, the 
model does not require that hydraulic conductivity be input directly, relying 
instead on the distribution of transmissivity (conductivity * thickness) in the 
system. Given the violations of the Theis assumptions discussed in the aquifer 
test results section of this report, aquifer tests in the Sullivan Flats basin only 
provide a "ball-park" estimate of transmissivity and storativity of the system, and 
hence, supply the least reliable constraint on the model. 
Perhaps the most valuable constraint on the Sullivan Flats model is provided by 
quantifying the total amount of water moving through the basin. Since water 
level and aquifer test data collected near Niarada indicate there is no continuous 
sand and gravel connection between the north and south ends of the Niarada Gap 
alluvium, the only discharge points from the Sullivan Flats aquifer are surface 
springs and seeps. From this standpoint, the most important spring in the basin 
is Sullivan Spring S#1 located at the north end of Niarada Gap (Figure 4.1). 
Sullivan Spring flows at a relatively constant rate of approximately 2.3 ft /sec or 
almost 200,000 ft^/day. If, as all the evidence suggests, this flow represents the 
majority of water leaving the Sullivan Flats flow field, then it provides a valuable 
constraint by specifying the total flux moving through the model. 
The interaction of these constraints, as well as the assumptions made and 
results obtained with the flow model will be presented in conjunction with the 
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interpretation of other project results in the following discussions on aquifer 
geometry and ground water flow. 
Aquifer Geometry 
The primary aquifer underlying Sullivan Flats is comprised of highly conductive 
sands and gravels deposited immediately on top of the bedrock surface by propo­
sed morainal and glacio-fluvial processes. Concurrent with the sedimentary set­
ting described in the section on glacial processes, the hydrostratigraphic seq­
uence in Sullivan Flats shows a general fining upwards succession resulting from 
deposition by a receding ice front in contact with a lacustrine environment. For 
the purposes of discussing and modeling ground water flow, the Sullivan Flats 
aquifer has been divided into two layers, both of which are confined by the 
uppermost silt and clay lake sediments. These two layers consist of an upper 
silty-sand unit and a basal coarse-sand and gravel unit. Distinctions were made 
between the two layers based on their position and the amount of water each 
produced during dril l ing. 
Upper silty-sand stratigraphic layers that produced 5-20 gpm during dril l ing 
were assigned to the upper layer one system. Often these upper silty-sand 
stratigraphic layers were discontinuous and interbedded with low permeability silt 
zones, hence, layer one of the model was assigned a vertical hydraulic conduct­
ivity one-tenth as large as the horizontal hydraulic conductivity for the layer. 
Lower sand and gravel layers that produced more than 30 gpm (usually 100 to 
500 gpm) were assigned to the lower layer two system. In general, the lower 
sand and gravel layer is several orders of magnitude more conductive than the 
upper layer, and therefore, considerably more productive, making distinctions 
between the two layers fairly easy to recognize during the dril l ing procedure. In 
fact, the contrast in conductivity between the layers was consistent enough to 
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allow the assumption to be made that lateral changes in transmissivity indicated 
by the flow model were most likely the result of a change in thickness of the 
aquifer layer rather than a change in conductivity of the layer. The lateral 
extent of the two-layered aquifer system is shown in Figure 4.15 which details 
the grid system used by the flow model. An isopach map of the basal sand and 
gravel layer two is presented in Figure 4.16. Estimated thickness and lateral 
extent of the aquifer layers are determined from drill logs at well sites and 
interpreted at points in between by integrating seismic refraction profiles, geo­
logic interpretation, and hydrologic constraints as determined by the flow model. 
The use of the flow model to determine the distribution of hydraulic conduct­
ivity and thickness in the confined Sullivan Flats aquifer system deserves spec­
ific discussion. Since by definition the saturated thickness and hydraulic cond­
uctivity of a confined aquifer system are constant at any specific location, the 
model requires values of transmissivity (hydraulic conductivity * thickness) to be 
used in defining ground water flow. To be able to separate thickness and cond­
uctivity of the Sullivan Flats aquifer for interpretive purposes, the transmissivity 
input files for the model were built with a microcomputer spreadsheet program 
which allowed working with separate thickness and conductivity arrays before 
multiplying them together and out-putting transmissivity to the model. By 
assuming the conductivity of a layer was relatively constant, the transmissivity 
values input to the model program were primarily modified by adjusting the 
thickness of the layers at each node. 
In using the model to arrive at an estimate of the distribution of transmis­
sivity in the Sullivan Flats aquifer, it was helpful to constrain the amount of 
water moving through the basin. As stated previously, water level and aquifer 
test data obtained in Niarada Gap indicate that essentially no water flows 
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through the alluvium under Niarada. Therefore, the total flux moving through 
the basin can be defined as roughly equal to the discharge of Sullivan Spring at 
the north end of the gap. By extrapolating seismic and dril l log information 
with geologic relationships, an estimated lateral extent of the aquifer system was 
established. Once the total flux through the basin and lateral extent of the 
aquifer was set, calibrating the model to reproduce the potentiometric surface 
measured in the field was accomplished by adjusting the distribution of trans­
missivity in the modeled flow field. 
Results of the model indicate that the potentiometric head at wells #1, #10, 
#4, and #5 in the central basin can best be reproduced by assigning the basal 
sand and gravel layer #2 a hydraulic conductivity of 1,200 ft/day and the dis­
tribution of thickness of shown in Figure 4.16. These values correlate well with 
the transmissivity value calculated from the early aquifer test data recorded at 
well #10 before no-flow boundary effects skewed the data during the well #4 
flow test (see section on aquifer test results). With a relatively low conductivity 
of 10 ft/day, the distribution of thickness of the upper silt and sand layer #1 
was significant only in supplying storage during transient simulations and had 
little effect on the steady state simulation of potentiometric head in the basin. 
In using this method to determine the transmissivity of the central part of the 
basin, modeled flow just north of Niarada Gap indicates a profound anomaly in 
the western basin flow field. The potentiometric gradient between wells #1-#4, 
#10-#4, and #4-#5 in the central basin are 2.13E-4, 4.16E-4, and 7.42E-4 respect­
ively. In contrast, the gradient between well #5 in the western end of the 
central basin and the Sullivan Spring Well #6 north of Niarada Gap is 2.90E-3, 
almost four times as large as the gradient between wells #4 and #5 and over six 
times as large as the average for the central basin flow field. Clearly, since 
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both the potentiometric gradient and total flux are known, either the hydraulic 
conductivity or the thickness of the aquifer must decrease in the western basin. 
The most geologically reasonable explanation for this anomaly is that it rep­
resents an area in which the aquifer gravels are thin, probably due to the rapid 
retreat of the glacial ice front from position two in Figure 4.14 as described in 
the previous section on glacial sedimentation. As no seismic or test well data 
was recorded in this immediate area, there is no independent way to verify that 
this interpretation is correct. However, this modeled distribution of transmis­
sivity not only reproduces the steady-state head distribution through a geologic­
ally reasonable feature, it is also the most realistic configuration that can repro­
duce the drawdown recorded at the Sullivan Spring Well #6 during the well #4 
flow test. 
The hydraulic conductivity and thickness of the Upper Sullivan Creek aquifer 
has been determined in the same manner as above. Seismic and test well data 
2 indicate an aquifer cross sectional area of 45,000 ft at the well #2 site. Flow 
model integration of cross sectional area, potentiometric gradient between wells 
#12 and #10, and aquifer test data indicate that the hydraulic conductivity in the 
Upper Sullivan Creek drainage is approximately 400 ft/day. This estimate takes 
into account an anomaly observed in the flow field near the intersection of the 
Upper Sullivan Creek drainage with the central basin flow field. This anomaly 
involves the increase in both potentiometric gradient and hydraulic conductivity 
near the intersection of the two flow fields. The potentiometric gradient be­
tween wells #2s and #12 in the Upper Sullivan Creek drainage is 3.6E-3 while 
the gradient between well #12 and well #10 in the central basin is 5.0E-3. At 
the same location, aquifer test and modeled flow results indicate an increase in 
hydraulic conductivity from 400 ft/day in Upper Sullivan Creek to 1,200 ft/day in 
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the central basin. This relationship between gradient and conductivity is pre­
cisely the opposite of that which would be expected to occur in a flow field of 
uniform thickness. Hence, the most reasonable explanation for the observed data 
is that the aquifer "thins" near the intersection of the two flow fields probably 
as the result of the same glacial depositional processes responsible for the 
aquifer geometry detailed in the Niarada Gap area. A test well dril led by an 
independent consultant near well #12 confirms this hypothesis by recording only 
12' of sand/ gravel at the site compared to 80' of aquifer at well #2n and 110' 
at well #10. 
Modeled flow for the Cromwell Creek drainage indicates a similar feature as 
that drainage enters the central basin flow field. Seismic and test well informa-
2 
tion indicate a cross sectional area at the well #3s site of 32,000 ft Since 
there is no other well down gradient in the Cromwell Creek drainage as there is 
in the Upper Sullivan Creek drainage, less is known about the distribution of 
head near the intersection with the central basin flow field. However, given 
cross sectional area of the aquifer at well #3s and the gradient between the 
Cromwell Creek Well #3s and well #10 in the central basin, modeled flow indic­
ates that far too much water would enter the central flow field if there were 
not a restriction to the flow similar to that near the mouth of the Upper Sull­
ivan Creek system. 
The most likely geologic explanation for these low transmissivity zones is that 
they represent silt and clay deposition behind the north lateral margins of the 
Sullivan Ice Lobe during a rapid recession of the ice mass. It is possible that 
the creation of these zones in the north-east part of the study area was cont­
emporaneous with the creation of the similar features defined near Niarada Gap. 
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Modeled Ground Water Flow 
As the model generated potentiometric surface map in Figure 4.17 shows, 
ground water enters the Sullivan Flats basin primarily through the Cromwell, 
Upper Sullivan Creek and Big Draw alluvial channels. As a reference, the cal­
ibrated flow model for the period October 1985 through October 1986 indicates 
an input of approximately 190 million gallons/year (2.58x10^ ft^/yr) for Upper 
Sullivan Creek, 280 million gallons/year (3.72x107 ft3/yr) for Cromwell Creek, 
and 85 million gallons/year (1.13x10^ ft^/yr) for Big Draw Transient flow tests 
run on the computer flow model suggest that some recharge may enter the basin 
through fractures in the Belt bedrock as well, but constraints were not available 
to allow an attempt at quantification of the amount. The model indicates that 
of the total recharge to the basin approximately 50% is received through Crom­
well Creek, 33% through Sullivan Creek, and only 16% through the Big Draw 
alluvium. Flow records obtained from a United States Geological Survey gauging 
station on Cromwell Creek three miles up-gradient of the study area indicate a 
total discharge of approximately 350 million gallons for the 1985-86 water year. 
Allowing for evapotranspirative losses between the gauging site and the Sullivan 
Flats basin, this figure is in relatively close agreement with the modeled flow 
results of 280 million gallons/year at the Cromwell Creek site. 
Ground water flow in the basin is generally from the north-east and east 
toward Niarada Gap, which is the lowest potentiometric area in the basin. 
Although the potentiometric surface near the Cromwell and Upper Sullivan Creek 
wells (W3s and W#2s) may rise as much as 30' during the spring recharge period, 
thereby increasing the gradient those areas, the general path of ground water 
flow in the basin does not change throughout the year. 
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Figure 4.17: Potentiometric surface map of the Sull ivan Flats Aquifer, 
layer two, October 1986. 
96 
CROMWELL CK.  
SULLIVAN CK 
BIG DRAW 
Figure ,.18: Three ^nsjon.1 
97 
Calibration of the steady state flow model was accomplished by simulating 
transient flow conditions recorded during two separate periods: the well #4 
aquifer test, and the seasonal head fluctuations recorded for the 1985-86 water 
year. Actual verses modeled drawdown response at wells #6 and #10 during the 
aquifer test of McDonald Well #4 are presented in Figures 4.19 and 4.20. Stor-
-5 
age coefficients used in all transient simulations were 2x10 for layer two and 
3x10 for layer one. The large storage coefficient suggested by the model for 
layer one simulates leakage out of the overlying silts and clays of the "confining 
beds" during transient flow in the system. As can be seen in the figures, the 
configuration of hydraulic parameters discussed in this report allows the model 
to accurately reproduce the effects of short term, aquifer test induced transient 
ground water flow in Sullivan Flats. 
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Figure 4.19: Actual vs. modeled aquifer test response at Sullivan Spring 
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Figure 4.20: Actual vs. modeled aquifer test response at Coca Well #10 
during McDonald Field well test. 
Likewise, the model simulated natural flow for the period October 1985 through 
October 1986 also shows reasonably close agreement with actual measured water 
levels taken during the period. Figures 4.21 through 4.28 show both actual field 
measurements and modeled estimated heads at seven sites in the basin. In addit­
ion, the figures show the results of modeled projections of the effects of prop­
osed additional ground water withdrawals at the Coca Well #10. For the predic­
tion simulation, flux across the three inputs to the basin was set equal to the 
rates recorded each month at the sites during the simulation of natural (undis­
turbed) flow conditions. In accordance with the Coca Mine's proposed ground 
water withdrawal rates for an ore milling facility near the Flathead Mine, mod­
eled pumping rates at well #10 for the prediction simulation were 600 gpm for 
the period March through September and then 200 gpm continuously thereafter. 
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Figure 4.21: Model predicted effects on water levels in Big Draw 
West Well #1 from pumping Coca Well #10. 
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Figure 4.22: Model predicted effects on water levels 1n Upper Sullivan 
Creek Well #2s from pumping Coca Well #10. 
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Figure 4.23: Model predicted effects on water levels in Cromwell 
Creek Well #3s from pumping Coca Well #10. 
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Figure 4.24: Model predicted effects on water levels in McDonald Field 
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Figure 4.25: Model predicted effects on water levels in Sullivan Flats 
Well #5 from pumping Coca Well #10. 
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Figure 4.26: Model predicted effects on water levels in Sullivan Springs 







c'" 2.894 D 
2 § 
° • 2.892 
^ 0 
well *10 - coca well - water levels 








--f — Q( 
+  - .  
* 
+'  A 






V i t 






OCT NOV DEC JAN FEB MAR APR UAY JUN JUL AUG SEP 
ACTUAL WATER LEVELS 1985-86 <> <> PREDICTED EFFECTS: PIK>ING 600 GPM 
H + MODELED WATER LEVELS 198S-B6 A A PREDICTED EFFECTS" PIMP INS 200 GPK 
Figure 4.27: Model predicted effects on water levels in Coca Well #10 
from pumping Coca Well #10. 
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Fiqure 4.28: Model predicted effects on water levels in Mullen House 
Well #12 from pumping Coca Well #10. 
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As Figures 4.21 through 4.28 show, the potentiometric surface in central basin 
would be lowered 18-20' during the initial 600 gpm pumping period at well #10, 
but only 5'- 6' as a result of the sustained 200 gpm rate. While this decrease in 
head would not prevent any of the existing wells in the basin from producing 
water for their intended purposes, the additional lifting required to bring water 
to the surface would increase pumping costs somewhat. However, a more signif­
icant impact would be observed at the springs in the basin. 
The flow model indicates that discharge from Sullivan Spring in the north end 
of Niarada Gap would decrease by approximately fifty-percent as a result of 
pumping well #10 at 600 gpm (Figure 4.29), but the discharge would only decr­
ease by approximately fifteen-percent at the 200 gpm pumping rate. The impact 
on McDonald spring, however, would be more severe. Figure 4.30 shows that 
McDonald Spring would totally cease flowing when well #10 was being pumped at 
600 gpm, and would only flow at approximately fifty-five percent of its natural 
rate during the sustained pumping at 200 gpm. Both Sullivan and McDonald 
Springs supply water to naturally sub-irrigated alfalfa fields in the basin and the 
impact of the indicated reductions in flow from these springs would have to be 
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gure 4.29: Model predicted effects on discharge from Sullivan Spring 
from pumping Coca Well #10. 
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Figure 4.30: Model predicted effects on discharge from McDonald Spring 
from pumping Coca Well #10. 
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Water Quality 
As presented in the section on water quality sampling results, three distinct 
types of water are present in the Sullivan Flats basin (Figure 4.31). The most 
abundant water type in the basin is the low TDS calcium-bicarbonate water 
associated with the up-gradient eastern end of the main basin flow field. The 
chemical composition of this water is almost identical at all locations in the 
central basin up-gradient of areas where mixing with Sullivan Creek and Warm 
Spring waters occurs. This water type is well suited for domestic, stock, and/or 
irrigation uses. Because of this water type's high quality and abundance it will 
be considered the background water composition in the basin. 
The second water type is the Sullivan Creek type found in the Upper Sullivan 
Creek drainage. This water is a high TDS calcium-magnesium-sulfate water with 
measurable zinc concentrations. The Sullivan Creek water type also has a lower 
pH than the background water type, and accordingly, low concentrations of 
bicarbonate ion. This anomalous water type is most pronounced in the surface 
water of Upper Sullivan Creek which was sampled at several points near mine 
tailings resting on the creek bed, and at the point where it disappears into the 
alluvium one-half mile north of the reservation boundary. A sample taken near 
the tailings shows a maximum TDS of 1492 mg/l and pH of 2.58 with concentra­
tions of 897 mg/l sulfate, 164 mg/l calcium, 50.3 mg/l magnesium, and no meas­
urable bicarbonate. Trace metals in this sample included .270 mg/l arsenic, .052 
mg/l cadmium, .740 mg/l copper, 109.0 mg/l iron, 12.7 mg/l zinc, and 49.5 mg/l 
manganese. The composition of this water steadily approaches that of back­
ground levels with each successive down-gradient sample site in the Upper 
Sullivan Creek drainage. Figure 4.21 illustrates the decrease of calcium-magne­
sium-sulfate concentration and increase of bicarbonate concentration with incr-
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Figure 4.31: Stiff diagrams of water quality 1n study area. 
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easing distance from the surface water source of recharge to the Upper Sullivan 
Creek aquifer. 
The composition of the Sullivan Creek water type is comparable with that 
commonly associated with acid mine drainage. Acid mine drainage results from a 
complex process related to the oxidation of sulfide minerals like those character­
izing the mineralization of the Hog Heaven Mining District. While additional 
work needs to be done to detail and quantify the geochemical processes active in 
Upper Sullivan Creek, it is highly probable that acid mine drainage is responsible 
for the anomalous water quality found in the drainage. 
The third water type in Sullivan Flats is the high TDS sodium-bicarbonate 
water referred to as the Warm Spring type. The anomalous chemistry and high 
temperature (22 C) of the Warm Spring water indicates circulation in a deep flow 
system possibly related to the intersection of the Big Draw and other faults in 
that area of the basin. Water quality data collected in the Little Bitterroot 
Valley by Donovan (1985) show that geothermal wells there also tend to have 
higher concentrations of sodium and bicarbonate and lower concentrations of 
sulfate than the background water quality in that basin. Beyond this comparison, 
the geochemical dynamics and source of the flow for the Warm Spring water 
type in the Sullivan Flats basin is largely unknown. 
Tritium data listed in Table 3.4 shows that water in the Sullivan Flats Basin is 
probably of two different ages. Tritium concentrations in the Big Draw West 
Well #1, Longbranch Well #8, McDonald Well #11, and Warm Spring S#3 are all 
significantly lower than those found in the other samples taken in the basin. 
The lower tritium concentrations at these sites indicates that the water has 
probably been isolated from the atmosphere long enough for radioactive decay to 
reduce the 3H concentration. The tritium concentrations are not low enough to 
108 
indicate that the water has been isolated from the atmosphere since before the 
beginning of nuclear testing in the 1940's. 
The tritium sample taken from the Big Draw West Well #1 contains 6.4 PCI/liter 
3 
H while the same water type in wells #3s and #4 show 78 PCI/liter and 95  
PCI/liter respectively. The Windmill Well #15, located between the above-men­
tioned sites, shows a tritium concentration of 19 PCI/liter probably representing 
mixing of the two water sources. The most probable explanation for this differ­
ence is that the Big Draw arm of the Sullivan Flats Aquifer recharges very 
slowly, and thereby contains water that has essentially been isolated from con-
tinued atmospheric contamination by tritium. Wells #8 and #11 also show low H 
concentrations. Both W#8 and W#11 are completed in bedrock and, as the trit­
ium data suggests, probably draw their water from deep, slow recharging, fract-
ured-bedrock flow systems which are isolated from the younger water in the 
main alluvial aquifer. Likewise, the low concentration of tritium recorded at the 
Warm Spring site also suggests flow from a deep flow system. 
1 q 1 
In contrast to the tritium data, results of the 0/ 0 analyses show essen-
18 
tially no difference between the sampled sites. Enrichment of 0 over back­
ground levels is usually induced through isotopic fractionation resulting from 
evaporation of the water mass. Apparently, little isotopic fractionation has 
occurred in the Sullivan Flats area. An interesting observation, however, is that 
both Upper Sullivan and Cromwell Creeks show 180/160 ratios similar to those 
found in the ground water samples thereby suggesting that flow in the creeks 
during October 1986 was predominantly the result of ground water discharge and 
not from surface water runoff. 
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CHAPTER V — CONCLUSIONS 
The Sullivan Flats aquifer is a confined aquifer system comprised of irregular 
shaped deposits of highly conductive sand and gravel probably deposited by 
glaciofluvial and glaciolacustrine processes during an early stage of Pleistocene 
glaciation. The most plausible scenario for aquifer deposition is that a pre-
Pinedale lobe of the Flathead Glacier occupied the Sullivan Flats basin and was 
directly responsible for eroding the existing Precambrian and Tertiary bedrock 
and depositing the aquifer material. Contemporaneous with these events, ice 
blocked the regional drainage creating the Proto-Glacial Lake Missoula, which 
bounded the ice and effectively limited the transport of coarse sediment away 
from the front of the glacier. During periods of rapid ice retreat, the lake 
prevented sand and gravel from moving into newly exposed bedrock depressions 
in front of the receding ice, depositing instead, low conductivity silts and clays 
in the depressions. Once buried by 100' to 300' of hydrologically-confining 
light-tan silt and clay lakebed sediments deposited over the entire basin as the 
ice continued its retreat eastward, the geometry, distribution, and interconnect­
ion between the highly conductive sand/gravel deposits and low permeability 
silt/clay plugs define the occurrence and movement of ground water in the 
Sulivan Flats basin. The most important of these relationships occurs near 
Niarada, where the absence of conductive sand and gravel in the unconsolidated 
strata effectively prohibits ground water from leaving the Sullivan Flats Aquifer 
through the Niarada Gap alluvium. 
Ground water enters the Sullivan Flats Aquifer primarily through the Upper 
Sullivan, Cromwell, and Big Draw drainages. Computer modeled flow in the basin 
indicates that these three inputs contribute 33%, 50%, and 15% respectively, to 
the total recharge of the aquifer. Discharge from the aquifer is through surface 
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seeps and springs, the most important of which is Sullivan Spring, flowing at an 
3 
average rate of 2.2 ft /sec from the north end of Niarada Gap. Computer mod­
eled flow indicates that discharge from Sullivan Spring accounts for 94% of the 
total discharge from the Sullivan Flats aquifer. Flow model analysis of both 
steady-state and transient flow conditions indicate a hydraulic conductivity of 
approximately 1,200 ft/day for the Big Draw and central basin aquifer, and 400 
ft/day for the tributary drainages of Upper Sullivan and Cromwell Creeks. 
Calibrated flow model results indicate that approximately 585 million gallons 
7 3 
(7.8x10 ft ) feet of water passed through the Sullivan Flats aquifer from 10—1 — 
85 to 10-1-86 with an estimated total volume of 4.5 billion cubic feet of water 
residing in the basin at any one time. 
THE ROLE OF BIG DRAW AND SULLIVAN FLATS 
The Big Draw and Sullivan Flats aquifers are essentially hydrogeologically 
isolated from the Little Bitterroot Valley Aquifer to the south, except for the 
surface water discharge from Sullivan Spring at the head of Lower Sullivan 
Creek. The annual flow from Sullivan Spring is approximately 550 million gal­
lons, representing 94% of the ground water leaving the Sullivan Flats basin. In 
addition, head measurements taken in Big Draw and Sullivan Flats are at all 
times of the year higher in elevation than the surface of Flathead Lake, thereby 
eliminating the possibility that lake water is recharging the Sullivan Flats 
Aquifer through buried channel gravels of the ancestral Flathead River. 
BASELINE WATER QUALITY 
Baseline water quality data for Sullivan Flats indicates three different water 
types in the basin. The most abundant water type is a low TDS calcium-bicarb­
onate water which dominates the central basin flow field and is suitable for 
1 1 1  
domestic, stock, and/or irrigation purposes. This water type represents the 
background water quality in the basin. 
The second water type in the basin is a high TDS calcium-magnesium-sulfate 
water found in the Upper Sullivan Creek drainage. The concentrations of cal­
cium, magnesium, sulfate, and zinc increase with decreasing pH at sample sites 
approaching the abandoned mine workings in the upper end of the drainage. 
Except for zinc, no other metals were detected in any of the ground water 
samples of this water type. However, surface water samples taken near the 
tailings show high concentrations of calcium, magnesium, and sulfate as well as 
arsenic, cadmium, iron, manganese, and zinc. The most probable source of these 
constituents is acid mine drainage emanating from the abandoned sulfide ore 
tailings. While cause for concern exists, contaminant concentrations were not at 
toxic levels in ground water samples taken from the Upper Sullivan Creek area. 
The third water type observed in the basin is a high TDS sodium bicarbonate 
water most prevalent in the Warm Spring located in the northwest corner of the 
basin. No hazardous metals were detected in any of the samples of this water 
type. The temperature and anomalous chemistry of this water indicates a deep 
source possibly related to circulation through faults in the area. While not toxic 
to animals, this water is not suitable for domestic or irrigation purposes. 
Tritium age dating of water samples in the basin indicate that water in the Big 
Draw is older than the water in the central basin flow field thereby suggesting 
that only a small percentage of the ground water recharge to the basin is re­
ceived from the Big Draw system. Similarly, tritium dating of the water in 
bedrock wells #8 and #11 and Warm Spring indicates that these sites tap flow 
systems which contain water that is older than the water found in the main 
alluvial aquifer. 
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ADDITIONAL WITHDRAWAL OF GROUND WATER 
Potential for the additional use of ground water in the Sullivan Flats basin 
rests on two factors: the ability of the aquifer to supply ground water to a 
well, and the ability of the system to maintain an adequate supply over time. 
The high hydraulic conductivity and lateral extent of the confined sand and 
gravel aquifer indicate that the system has an excellent capacity to supply water 
to high discharge wells that might be constructed in the basin. In addition, the 
present level of potentiometric head indicates that only limited lifting would be 
required to bring the water to the surface. The combination of these factors is 
favorable for the construction and successful completion of additional wells in 
the basin. 
Assessing the sustainability and impacts of additional ground water withdrawal, 
however, requires a more complex evaluation process. Essentially two impacts 
would result from additional pumping, a lowering of the potentiometric head and 
a decrease in the amount of discharge from the basin. 
The proposal submitted by Coca Mines to withdraw water from the Sullivan 
Flats Aquifer for ore-milling processes at the Flathead Mine stipulated a need 
for 600 gpm for six months and then 200 gpm continuously thereafter. Predict­
ions of the effects of this withdrawal based on computer modeled flow and 1985-
86 water-year data suggest that the potentiometric surface in the central basin 
would be lowered 18'-20' as a result of pumping at 600 gpm from March through 
September, but only 5'-6' thereafter as a result of pumping at 200 gpm at the 
Coca Well #10 site. This lowering of the potentiometric head would not prevent 
any of the existing wells in the basin from being able to produce water at near 
their present rates, but would increase pumping costs somewhat due to the 
increased lifting required to bring the water to the surface. 
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Another impact on the Sullivan Flats Aquifer would be a decrease in ground 
water discharge from the basin. Given the fact that the Sullivan Flats Aquifer 
is hydrogeologically isolated from the surrounding aquifer systems, this decrease 
will not affect ground water supplies in the surrounding areas such as the Lower 
Little Bitterroot Valley. However, since 94% of the total discharge from the 
basin is through surface flow from Sullivan Spring, sustained withdrawal any­
where in the basin will diminish the rate of flow from the spring by roughly the 
amount of the withdrawal. From this it follows that Sullivan Spring's average 
discharge rate of 990 gpm represents the approximate maximum rate that water 
could be withdrawn from Sullivan Flats before "Mining" of the aquifer occurred. 
While this rate of maximum long term withdrawal is technically accurate, it 
does not follow that significantly decreasing the flow from Sullivan Spring would 
be a acceptable consequence of increased ground water withdrawal in the central 
basin. This study has not addressed the surface-water ground water interactions 
of Lower Sullivan Creek and the Little Bitterroot Aquifer or the impacts to 
down-stream surface water users. In addition, while McDonald Spring only flows 
at a fraction of the rate of Sullivan Spring, it is important in that it provides a 
natural supply of irrigation water for approximately 500 acres of alfalfa in the 
central basin. The predicted effects of ground water withdrawal at the Coca 
well #10 indicate that McDonald Spring would completely stop flowing during the 
600 gpm pumping period, and would only flow at 50% of its current discharge as 
a result of sustained pumping at 200 gpm at the well #10 site. 
EFFECTS OF MINING 
The only significant effect of past mining activities on the Sullivan Flats basin 
is the probable contamination of Upper Sullivan Creek aquifer by acid mine 
drainage. While the composition of the surface water in Upper Sullivan Creek is 
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toxic and cause for concern, ground water samples in the drainage show contam­
inant concentrations below toxic levels. Because water quality data has only 
been collected for the two year period of this study, it is not possible to deter­
mine whether the contamination in Upper Sullivan Creek is increasing with time 
or has already reached a steady state condition in the drainage. The data 
collected during this study will, however, establish baseline contamination levels 
by which to judge future changes in the water quality of the system. 
The potential impacts on the Sullivan Flats Aquifer of proposed new mining in 
the Upper Sullivan Creek drainage would be minimal in light of strict present 
day restrictions on siting and engineering of mining and milling operations. 
While additional withdrawal of ground water from the central Sullivan Flats Basin 
for milling processes would have some impact on the aquifer as presented in the 
discussion above, the proposed withdrawal rates would not exceed the mean 
annual recharge to the system. Hence, potential impacts would be most appro­
priately addressed as a matter of sound resource management. Hopefully this 
report will serve as a foundation on which to base these and other decisions 
regarding the limited water resources of the Sullivan Flats Basin. 
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APPENDIX A — DRILL LOGS AND LITHOLOGIC SECTIONS 
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BIG DRAW WEST WELL #1 
STRATIGRAPHIC SECTION 
Soil: Dark-brown, sandy, rocky. 
Cobbles, Gravel and Sand: Precambrian 
quartzite and argillite; V.minor Tertiary-
volcanic gravels; Sand is V.fine to coarse; 
Minor tan silt. DRV 
Silt: Light-tan, sandy with some clay 
stringers and occasional pieces of gravel, 
— 0 GPM — 
Sand: Medium-grained, moderately sorted, All 
Precambrian colors as at 15';—Making =20 gpm. 
Clay and Gravel: Light-tan clay with rust 
brown streaks; Precambrian gravel clasts 0 
GPM — 
Sand: Same as at 165'; silty, light-tan. 
— Making = 5 GPM 
Clay: Same as at 189'-192' above; 0 GPM 
Sand and Silt: Sand as above with 50'/. light-
tan silt; — Making ~ 20 GPM 
grading 
Silt: Light-tan with clay stringers and minor 
very-fine sand component; 0 GPM 
grading 
Sand: Varying amounts of light-tan silty 
matrix; Sand is very-fine grained, same colors 
as above; Making = 15 GPM 
Silt: Gray-green silt with very-fine sand 
— 0 GPM — 
Gravel: Dark red water, clears; pG argillites 
quartzites; No Tertiary volcanic rocks 
Perforated 377*-386' at Completion 
Making S200 GPM during drilling 
Gravel: Green-gray to yellow-green; Gravel is 
mostly soft light-gray altered bedrock; 
Making ~ 100 GPM 
grading 
4 4 0  
Bedrock: Green-gray fractured bedrock; 
Making =30 GPM with ^0' of open hole --• 
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BIG DRAW WEST WELL #1 - DRILLING LOG 
Drilling Completed: 9/2^/85 
Recorded By: D. Briar 
Feet Descr iot ion 
0-1 Soil: Dark-brown, sandy, rocky. 
1-15 Cobbles* Gravel and Sand: Cobbles and Gravel are Precambrian 
quartzite and argillite; (colors including red, pink, green, 
gray, black, white, clear, brown, rust, purple), 30'/. angular, 
60'/. sub-angular, 10'/. rounded, cobbles as large as 300mm., 
gravel 2mm.- 50mm., possible V.minor Tertiary-volcanic 
gravels; Sand is V.fine to coarse, same colors as gravel, 
minor tan silt. — Casing: easy pound DRY 
15-1M Silt: Light-tan, sandy with some clay stringers and 
occasional pieces of gravel, grading to silt with minor sand 
by ^0', grading back to very sandy silt at l<+0'. — 0 GPM but 
water in hole at 1^0' overnight — Casing: Fall and push --
1M-168 Sands Medium-grained, moderately sorted, All Precambrian 
colors as at 15'; Minor light-tan silt at 1M'; Grading to 
silty fined-grained sand at 160'; — Making = 20 gpm. — 
Casing: Fall and push --
168-170 Clay and Gravel: Light-tan clay with rust brown streaks; 
Precambrian gravel clasts angular to well rounded; — Casing 
needed push, still not pound 0 GPM 
170-189 Sands Same as at 165'; silty, light-tan. Thin clay lense at 
17V; Grading to less silt and medium sand at 185'; -- Casing 
falling Making = 5 GPM 
189-192 Clayl Same as at 189'-192' above; 0 GPM 
192-222 Sand and Silt: Sand as above with 50'/. light-tan silt; grading 
to fine sand with silt at 200',* — Making z 10 GPM — Flowing 
sand and silt at 215-220' with major silt component at 220'; 
Casing easy pound from 21V Making z 20 GPM 
grading — 
222-253 Silt: Light-tan with clay stringers and minor very-fine sand 
component; Grading to almost no sand at 225'; Creamy silt at 
2^0-2^5'; Grading back to minor very-fine sand at 250'; 
- Casing easy pound 0 GPM 
grading — 
253-350 Sand: Varying amounts of light-tan silty matrix; Sand is 
very—fine grained, same p£ colors as above! Bit chipped off 
boulder at 260'; Making ~ 10 GPM ; Two layers of coarse 
sandy clay with small p£ gravel and coal chips from 317'-320' 
and 331 '-33V; Making z 15 GPM ; Grading to very siltv 
from 33^'-350'. 
(Continued on next page) 
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BIG DRAW WEST WELL #1 - DRILLING LOG 
(Continued from previous page) 
FEET DESCRIPTION 
350-377 Silts Gray-green silt with very-fine sand as above and gray-
green clay stringers; No gravel chips in clay as at 331'; 
Minor sand component 360-375', creamy; Casing push 
— 0 GPM — 
377-387 Gravels Dark red water; pE argi11ites/quartzites, colors 
(green, brown, butterscotch, purple, gray, black), 2mm.- 50 
mm., £5'/. well-rounded 75'/. angular; — No Tertiary 
volcaniclastic rocks — Deep red color from silt that will not 
settle out; Bucket sample contains minor fine sand; Tan color 
at 378' then back to dark red at 380'; Red tint gone by 385'; 
Cleaning slightly from 382' on; Perforated 377'-386' at 
Completion Making =200 GPM during drilling 
378-400 Gravels Green-gray to yellow-green; Gravel is mostly soft 
light-gray rock with dark specks (50*/. with orange staining), 
possible weathered pC argillite or quartz-latlte from Tertiary 
Hog Heaven volcanics; Minor hard fresh well-rounded pG red 
and green argillite and quartzite; Drilling easy, hole 
stays open, casing requires extremely hard pound to reach 
<•00' Making = 100 GPM — 
grading 
400 Bedrocks Green-gray fractured bedrock; Drilling open hole 
from 400' on; Alternating green-gray and two feet thick 
butterscotch-orange-tan zones from 400'-440'; Drilling is 
increasingly harder with depth, returns getting harder with a 
more uniform color and less orange staining by 430'; 440' hard 
grey-green( slightly altered pC argillite;) Making =30 GPM 
with 40' of open hole 
COMPLETION — 
Bottom of casing was sealed with a double packer assembly at 
395'. Casing was perforated from 377'-386' with a pneumatic 
down-hole perforating tool; 6 vertical rows with slots of 1" 
by 3/16" every other inch. 
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SULLIVAN CREEK NORTH WELL #2N 
STRATIGRAPHIC SECTION 
2 9 4 5  t =—=r 
2 9 0 0 "  
E L E V  
F E E T  
mm 
O&A 
2 8 5 0  
2800 
2 7 5 0  
Silt: Light-tan, grading to sandy; -- 0 GPM — 
Clay: Medium brown, silty; — 0 GPM — 
Silt: Light-tan; Gravel lense at = 56', thin 
clay layers throughout; — 0 GPM — 
Gravel and Clay: Light-tan; Gravel is 50'/. p€ 
argillite and quartzite rocks, (dark gray-blue 
and purple) weathered but not friable; 50'/. 
Tertiary volcanic rocks, (red, brown, orange) 
unsorted, friable, weathered with clay and 
silt; All clay 98'-101'5 — 0 GPM — 
6ravel: Same gravel as at 86' but without 
clayj — Making =30-50 GPM.— 
Gravel and Sand: 50'/. angular gravel as above 
at 86' 50'/. sand; Sand is fine to coarse 
grained, angular, unsorted, colors (light-tan, 
dark-brown, orange, black, grey); Coarse gravel 
140-168'; — Perforated 1*0*-160' at Complet­
ion — Making =30 GPM at 104', 80 GPM. at 137' 
during drilling — 
Clay and Gravel: Gray-green-brown clay; Gravel 
same as above; Possibly weathered top of 
Tertiary volcanic sediments; — 0 GPM — 
Siltstone: Gray-green-brown; Very altered 
vo1canic1astic siltstone, minor small soft 
gravel included; — 0 GPM — 
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SULLIVAN CREEK NORTH WELL #2N - DRILLING LOG 
Drilling Completed: 10/2/85 
Recorded By: D. Briar, C. Brick 
Feet Descr jpt ion 
0-12 Silti Light-tan, grading into sandy silt; -- 0 GPM --
12-25 Clay: Medium brown, silty, easy drilling; — 0 GPM — 
25-86 Silts Light-tan; Gravel lense at = 56', thin clay layers 
throughout; — Casing falling — 0 GPM --
86-102 Gravel and Clays Light-tan; Gravel is .5mm.-15mm., angular to 
subangular, 50'/. p£ argillite and quartzite rocks, (dark gray-
blue and purple) weathered but not friable; 50% Tertiary 
volcanic rocks, (red, brown, orange) unsorted, friable, 
weathered with clay and silt; All clay 98" — 101' ; — Casing 
push to 85', pound from 85' on — 0 GPM — 
102-104 Gravels Same gravel as at 86' but without clay; — Making 
=30-50 gpm., water runs clear, static level of 27.20'. 
104-183 Gravel and Sand: 50'/. angular gravel as above at 86' 50% sand; 
Sand is fine to coarse grained, angular, unsorted, colors 
(light-tan, dark-brown, orange, black, grey); — Making =30 
GPM at 104', water is dark-brown with an orange cast — Casing 
alternating easy/hard pound over short intervals — =40'/. sand 
at 120', water color change to dark orange/brown from 11B-
125'; Small gravel and orange-tan silt from 125'-126', 30'/. 
gravel and coarse sand, 70'/. fine sand and silt; — Making =80 
GPM at 137', water cleans well —; 50V. coarse (30mm.-40mm. ) 
pG and Tertiary gravel from 140'-168'; — Perforated 140'-160' 
at Completion Sand layer from 16B'-169', all volcanic 
particles; 80'/. sand and 20'/. gravel at 180'. 
183-195 Clay and Gravel: Gray-green-brown clay; Gravel same as above; 
Possibly weathered top of Tertiary volcanic sediments; — 0 
GPM — 
193-195 Siltstone: Gray-green-brown; Very altered volcaniclastic 
siltstone, minor small soft gravel included; — 0 GPM — 
— COMPLETION — 
Eight inch steel casing was driven to 193', six inch PVC 
casing set inside with 30 slot screen open from 140-160', then 
the steel casing was pulled back to within 20' of the surface 
and grouted. 
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CROMWELL CREEK WELL #3S 
COMPOSITE STRATIGRAPHIC SECTION 
E L E V  D E P T H  
F E E T  F E E T  
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''soil: Dark-brown, sandy. 
Silt: Light-tan, Dry, grading to sandy by 10'. 
6ravel and Sand: Silty, med-brown, saturated 
at 16'; Gravel= IMM.-lOmm., 50'/. p£ argillite 
and quartzite, 50'/. Tertiary volcanic rock; Sand 
= medium to coarse grained; — 0 GPM — 
grading to Silt: Light-tan, minor fine sand• 
more clay by 35'; 0 GPM --
— grading — 
Clay and Silt: Green-tan, minor very-fine 
sand, no clods of clay but returns thick and 
greasy; grading to silt at 55'; — 0 GPM — 
grading 
Silt: Light-tan, minor extra-fine sand, 
grading to very-fine sand 70'-75';— 0 GPM — 
— grading 
Sand and Gravel: Med-brown, some clay lenses, 
Very poor sorting; Sand is fine to coarse 
grained; Gravel is 80'/. soft altered tertiary 
volcanic fragments, 20'/. pG argi 11 i te/quartz i te 
Perforated 89.5'-99.5' at Coapletion 
Making 50 GPM at 90' during drilling — 
— grading 
Silt and Gravel: Light-tan, 70'/. Silt, 30'/. 
Gravel, Gravel is 75'/. angular p£ argillite and 
quartzite, S5'/. Tertiary volcanic and siltstone 
fragments, Minor sand and thin clay layers in 
silt matrix; — Making 10 GPM — 
— grading — 
Grawl: Gray-green gravel with minor light-tan 
silt grading from above; Gravel is 90'/. soft 
Tertiary rocks, 10'/. p€ purple argillite; 
— Making 50 GPM --
— grading 
Siltstone: Tertiary volcanic mudflow deposits, 
light-tan to red-brown color, includes small 
gravels; Gravel is 95'/. soft altered Tertiary 
rocks, 5'/. altered p£ rocks, — 0 GPM — 
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CROMWELL CREEK WELL #3S - COMPOSITE DRILLING LOG 
Drilling Completed: 10/18/85 
Recorded By: D.Briar, C.Brick 
FEET DESCRIPTION 
0-2 Soil: Dark-brown, sandy. 
2-11 Silt: Light-tan, Dry, grading to sandy by 10'. 
11-20 Gravel and Sand: Silty, med-brown, dry 11'-16saturated at 
16'", Gravel= IMM.-lOmm., 50'/. pG argillite and quartzite, 50'/. 
Tertiary volcanic rock, angular to subrounded, no rounded 
fluvial; Sand = medium to coarse grained, light- tan silty. 
20-35 Silt: Light-tan, minor fine sand, grading to more clay by 
35'; — Casing falls ahead of drill bit — 0 GPM — 
— grading — 
35-55 Clay and Silt: Green-tan, minor very-fine sand, no clods of 
clay but returns thick and greasy; grading to silt at 55'; 
— Casing falling — 0 GPM — 
— grading — 
55-78 Silt: Light-tan, minor extra-fine sand, grading to very-fine 
sand 70'- 75'; — Casing falling with bit — 0 GPM — 
— grading — 
78-103 Sand and Gravel: Med-brown, some clay lenses, Very poor 
sorting; Sand is fine to coarse grained; Gravel is 2mm.-
50mm., angular to subrounded fragments, 80'/. altered tertiary 
volcanic and siltstone fragments, softlcan cut with knife), 
colors <white(pumaceous), orange, red-brown, brown); Gravel is 
20'/. pG argillite and quar t z i te ( some altered), colors (brown, 
gray, purple, green, lime), no well-rounded fluvial looking 
pG, Perforated 89.5'-99.5' at Completion Making 50 GPM 
at 90' during drilling (will not clean up) — Casing medium 
pound with bit at end 
— grading — 
103-125 Silt and Gravel: Light-tan, 70'/. Silt, 30'/. Gravel, Gravel is 
2mm.- 20mm., 80'/. angular, 15'/. subrounded, 57. well-rounded, 
Gravel composition is 75'/. fresh-angular pG argillite and 
quartzite, 25'/. Tertiary volcanic and siltstone fragments, 
(almost no white pumaceous rock); Minor sand and thin clay 
layers in silt matrix, Orange tint 110'-118'; — Grading to 
more gravel with gray-tan tint at 125'; -- Making 10 GPM — 
Casing medium pound with bit at end — 
— grading — 
125-130 Gravel: Gray-green gravel with minor light-tan silt grading 
from above; Gravel is 2mm.- 10mm., very-angular to subrounded, 
90'/. soft Tertiary rocks, 10'/. pG purple argillite; Hole stays 
open 127'-130'; — Making 50 GPM with three feet open hole — 
— grading — 
(Continued on next page) 
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CROMWELL CREEK WELL #3S - COMPOSITE DRILLING LOG 
(Continued from previous page) 
FEET DESCRIPTION 
130-206 Siltstone: Probably Tertiary volcanic mudflow deposits. 
light-tan to red-brown color, includes small gravels; Gravel 
is 2mm.- 10mm., angular to subrounded as above, 95'/. soft 
altered Tertiary rocks, 5'/. altered pG rocks, open hole 137'-
206', grading to orange tint 170'- 206'; — Drilling with 
1000 pounds of pull-down pressure and 500 ft. pounds of stem 
torque — 0 GPM — 
— COMPLETION — 
Original well was drilled to 206' but was abandoned when 
casing broke during pull back attempt. Current well was 
drilled 75' east of original well. Current well is completed 
at 99' in same Tertiary siltstone as indicated at 130' in 
above log. Screened from 89.5' to 99.5' with 30 slot PVC 
screen open to the same sand and gravel layer indicated at 
7B'-103' in above log. Well was drilled to the bottom of the 
alluvium and cased with eight inch steel, six inch PCV casing 
was set inside, then the steel casing was pulled back to 
within twenty feet of the surface and grouted. Well produced 
=40 GPM during initial development. 
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MACDONALD FIELD WELL #4 
STRATIGRAPHIC SECTION 
Soils Dark-brown, sandy with minor clay. 
Clay and Silts Light-tan, minor erratic 
pebbles 5mm.- 20mm.; Clay is moist at 5', 
saturated at 10'; 0 GPM 
Silt and Clay: Medium-tan, minor fine-sand, 
approximate two foot thick clay lenses 
alternate with silt, 0 GPM 
Silty Clay: Medium tan; grading more silty at 
150', back to minor silt at 180';— 0 GPM — 
grading 
Silt and Clay: Dark silt and minor fine sand 
in light-tan clay, occasional thin stringers of 
hard clay; — 0 GPM — 
Silt* Sand and Gravel: Silty sand with =20'/. 
gravel; Gravel =l-30mm., subrounded to 
subangular, (tan, brown, orange, gray, green) 
mostly fresh PG argillite and quartzite, minor 
Tertiary volcanic rocks; ; — Making =30 GPM --
Clay: Hardpan; — No returns; — 0 gpm --
Sand and Gravel: Same gravel as at 218' but no 
silt or clay; — Making =40-50 GPM —; water 
clears but sand heaving into casing from below. 
— grading 
2 5 0 5  
3 0 3 -
Silt, Sand and 6ravel: Dark-gray silt and clay 
w/ 10'/. sand, 10'/. gravel; Clay clods from 245'; 
— Making = 30 GPM of murky gray water — 
—— — grading — 
Sand and ©ravel: 50'/. medium to coarse grained 
sand; 50'/. gravel as at 218';— Perforated 275'-
295' at Completion — Flowing =100 GPM and 
Making =300 GPM during drilling— 
Volcanic sedieents: Soft, crumbly, green, 
medium-grained; weathered clay zone on top; 
includes angular chunks of V.fine gr.hard, 
black, microcrystal1ine rock; no significant 
change from 303' to 375' 0 GPM 
3 7 5 -
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MACDONALD FIELD WELL #4 - DRILLING LOG 
Drilling Completed: 10/11/85 
Recorded By: C. Brick 
FEET DESCRIPTION 
0-2 Soil: Dark-brown, sandy with minor clay. 
2-55 Clay and Silt: Light-tan, minor pebbles 5-20mm.; Clay moist 
at 5', saturated at 10';—Casing falls ahead of bit--0 GPM --
55-130 Silt and Clay: Medium-tan, minor fine-sand, approximate two 
foot thick clay lenses alternate with silt, -- 0 GPM — 
130-180 Silty Clay: Medium tan, grading to more silty at 150' then 
back to minor silt at 180'; — Casing needs push — 0 GPM — 
grading 
180-218 Silt and Clay: Dark silt and minor fine sand in light-tan 
clay, occasional thin stringers of hard clay", — 0 GPM — 
218-225 Silty Sand and Gravel: Silty sand matrix with =20'/. gravel; 
Gravel = lmm. to 30mm., subrounded to subangular, mostly fresh 
PG argillite and quartzite with minor Tertiary volcanic rocks; 
Colors = tan, brown, orange, gray, green; -- Making =30 GPM --
225-234 Clays Hardpan; — No returns from well — 0 gpm --
234-245 Sand and Gravel: Same gravel as at 218' but with no si it or 
clay; — Making =40-50 GPM —; water clears up in a couple of 
minutes but sand heaving into casing from below. 
— grading — 
245-262 Silt, Sand and Gravel: Medium-dark-gray silt and clay with 
10'/. sand and 107. gravel; Clay clods in returns from 245'; 
— Making = 30 GPM of murky gray water — 
— grading — 
262-303 Sand and Gravel: Gravel as at 218'; Sand is brown, medium to 
coarse grained, subangular, well sorted; 807. sand 207. gravel 
at 265', 50'/. sand 507. gravel at 275';— Perforated 275'-295' 
at Completion — Flowing =100 GPM, Making =300 GPM while 
blowing with air during drilling — 
303-375 Volcanic sediments: Soft, crumbly, green, medium-grained 
volcanic rock; weathered clay zone on top; includes angular 
chunks of very-fine grained, hard, black, microcrystal1ine 
rock; no significant change from 303' to 375' — 0 GPM — 
— COMPLETION — 
Bottom of casing was sealed at 300' with double packer 
assembly — Perforated 275' to 295' with pneumatic down-hole 
perforating tool, five rows with 1" by 3/16" slots every other 
inch — Water flows =7" above six inch steel casing (=470 
GPM); approximately 7 PSI shut-in pressure. 
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STRATIGRAPHIC SECTION 
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Silt: Light-tan, minor clay! -- 0 GPM --
grading 
Silt/Clay: Tan, cyclic 3' silt 1' clay;-0 GPM— 
Silt/Sand: Tan; No clay; Sand V.fine PG; 70'/, 
silt 112'grade 30'/. silt 140';—Making =5 GPM — 
— grading — 
Silt/Clay: Thin clay layers X.fine sand;—0 GPM 
Sand/Silt: 50'/. X.fine gry-grn PG sand;—0 GPM--
'Gravel/Sand: pG and Tertiary; Gravel 2-20mm., 
Sand med.-crs. Minor tan silt;—Making =15 GPM-
Clay: Light-tan — Casing push — 0 GPM --
Gravel/Sand: Same as 191';—Making =100 GPM— 
Clay: Light-tan — Casing push — 0 GPM — 
6ravel/Sand: Same as 191'; Grade to 5-40mm. 
well rounded PG gravel with minor Tertiary at 
270';— Perforated JJ5V-57** at Completion — 
Making =200 GPM at 270' during drilling — 
Gravel/Sand: Gray; Abundant X.fine gray sand; 
Quartzite boulder 275'-277';--Maklng =60 GPM--
Clay: Green-gray,med-crs sandy;—Making =2 GPM-
Gravel/Sand: Similar to 270';—Making =100 GPM-
Clay: Light-tan, sandy*, — 0 GPM — 
Hard Clay/silt: Siltstone7 Salmon orange; 
Minor small volcanic gravel — 0 GPM — 
Sand: Med.gr.PG w/orange siltj-Making =20 GPM-
Siltstone: Orange, V.similar to 309'", V.minor 
PG sand/gravel; Grade tan 335', gray 372', tan 
375', orange 384', tan 386 '",--0 GPM 327'-398'--














SULLIVAN FLATS WELL #5 - DRILLING LOG 
Completed: 9/11/85 
Recorder : D. Br iar 
DESCRIPTION 
Silt: Light-tan, minor clay clumps in returns, poor returns; 
— Casing fall and easy push -- 0 GPM — 
— grading — 
Silt and Clay: Both light-tan, cyclic sequences of =3' silt 
and si' clay; no sand; poor returns; — Casing fall and easy 
push — 0 GPM — 
Silt and Sand: Light-tan; No clay; Sand is very-fine grained, 
PE colors black, clear, green, red, purple, orange, white; 707. 
silt and 30*/. sand at 112'grading to 30'/. silt and 70'/. sand at 
140'; — Making =5 GPM --
— grading — 
Silt and Clay: Light-tan thin clay layers with extra-fine 
sand; — Casing push — 0 GPM — 
Sand and Silt: Light-tan silt with distinct gray-green tint; 
Extra-fine PG sand 50'/.; One or two hard cobbles at 170'; 
— Casing needs push --
Gravel and Sand: Sand is medium to coarse PE and Tertiary 
grains; Gravel both PG argi11ite/quartzite and Tertiary 
volcanic rocks; PG gravel is 2-15mm., angular to rounded, same 
colors as sand at 112'; Tertiary gravel is 2-20mm., very-
angular to subrounded, contains dark ferro-magnesium crystals, 
colors are white(pumice), orange, brown, gray, green; Minor 
tan silt;—Casing falling with rig bounce — Making =15 GPM— 
Clay: Light-tan — Casing push — 0 GPM — 
Gravel and Sand: Gravel and coarse sand as at 191' above; One 
foot thick clay layer at 207'; — Casing easy hammer — Well 
flows at =5 GPM — Making =100 GPM with air — 
Clay: Light-tan — Casing push — 0 GPM — 
Gravel and Sand: Gravel and coarse sand as above at 191'; 
Minor light-tan silt matrix; Grading to 5-40mm. well rounded 
PE gravel with almost no Tertiary component at 270';— 
Perforated 25V-274' at Completion — Casing hard pound — 
Making =200 GPM at 270' during drilling — 
Gravel and Sand: Gray muddy matrix; Abundant extremely-fine 
gray sand; Gray quartzite boulder from 275'-277'; — Casing 
very-hard pound — Making =50-70 GPM 
(Contlnued on next page) 
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SULLIVAN FLATS WELL #5 - DRILLING LOG 
(Continued from previous page) 
FEET DESCRIPTION 
290-299 Clay: Green-gray, medium to coarse grained sandy, sand is PG 
colors; poor returns; — Making =2 GPM — 
299-307 Gravel and Sand: Green-gray, similar to gravel and sand at 
270;-290' but with minor Tertiary volcanic gravel and well 
rounded PG gravel included; — Making =100 GPM — 
307-309 Clay: Light-tan, sandy; — 0 GPM — 
309-326 Hard Clay/silt: Siltstone? Salmon orange color; Minor small 
gravel 907. of which is soft, white, brown, orange, rounded. 
Tertiary Volcanic rock and 10'/. hard, angular, PG 
argi11ite/quartzite; — Drilling smooth — Casing medium 
hard pound — 0 GPM — 
326-327 Sand: Medium to fine grained, well sorted, same PG colors; 
Orange silty matrix; — Making =20 GPM — 
327-398 Siltstone: Salmon orange, very similar to Tertiary at 309'-
320', almost no PG sand or gravel; Color changes to light-tan 
at 335'; Gray matrix 372'-375',back to light-tan 375'-3BV, 
bright butterscotch color matrix 384'-386', back to light-tan 
386'-398'; — Casing very hard pound to 359' — Drilling open 
hole 359' on, slow going — 0 GPM from 327' to bottom — 
— COMPLETION — 
Bottom of casing sealed with double packer assembly. 
Perforated casing from 25V-274' with down-hole pneumatic 
perforator, five vertical rows with 1" by 5/32" slots every 
other inch. Well flows at =10 GPM with =9.5 ft. of shut-in 
head. 
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STRATIGRAPHIC SECTION D E P T H  F E E T  
2860 
2800 -
2 7 5 0 -
2 7 0 0  "  
2 6 5 0 -
2600  -
2 5 5 0  
•'O :Q T' P-
:o- 'o-<? 
: P : :«• 
1 7  
4 0  
7 7  
8 3  
9 8  
9 9  
1 1 4  
Silt/Clay: Brn-gry; Saturated at 15';-- 0 GPM— 
— grading — 
Clay: Green-gray tan; Minor silt; — 0 GPM — 
5ilt/Cl«y: Tan; Grading sandy w/depth;—0 GPM— 
— grading 
Sand: Grn-gry; Med.gr.pG;Minor silt;-Minor GPM-
grading 
Silt/Sand: Sand aa. w/50V. silt, 10'/. clay;-0 GPM-
Clay: Green-gray tan; — 0 GPM — 
Silt/Sand: Tan; Sand aa. but fine gr.-Minor GPM 
Silt: Tan; 0'/. sand; Minor clay stringers; Sand/ 
gravel 213'-214'; All 101' look same; —0 GPM— 
Silt/Sand: Tan-gray; 50'/. silt 50'/. sand",-0 GPM— 
grading — 
Sand: Tan-gray; Silty', Med.-fine gr.; —10 GPM— 
— grading — 
& 0 - & - 6  
2 5 0 0  -
Gravel/Sand: Tan-gray; Gravel 2-20mm. , 90'/. 
Tertiary 10'/. well rounded pG; Sand as at 230'; 
-- Making =30 GPM but will not clear up --
Clay: Gray; Silty', -0 GPM 275', Minor GPM 291'-
grading 
Gravel/Sand: Grav. 75'/. roundd .pEy-25'/. Tertiary; 
X.fine gray sand;- =200 GPM, will not clear-
Clay: Gray; very silty", as at 275'; -- 0 GPM — 
Sand/Gravel: 80'/. sand; Grav.pG & Ter t. ; =200+GPM 
Gravel/Sand: Gravel ave. 50mm.; 95'/. rounded p€ 
w/minor Tertiary — Perforate 3S0'~3W at 
Completion — 500+ GPM at 340' during drilling, 
grading 
Sand/6ravel: As above but w/80'/. sand; =200+GPM-
Bedrock: Hard gray pG quartzite; —0 GPM-
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SULLIVAN SPRING WELL #6 - DRILLING LOG 
Drilling Completed: 9/17/85 
Recorded By: D. Briar 
FEET DESCRIPTION 
0-17 Silt and Clay: Brown-gray; Clay clods on returns; — 0 GPM — 
— Saturated at =15' — 
— grading — 
17-40 Clay: Green-gray tan; Probably interbedded green-gray clay 
and light-tan silt; — Casing push — 0 GPM — 
40-77 Silt and Clay: Light-tan; 50'/. clay 50'/. silt with V.minor sand 
at 40'; Grading to 80'/. silt 20'/. clay 10'/. fine sand at 60'; 
Grading to V.sandy by 77'; — Casing falling 5' ahead of bit 
— 0 GPM — 
— grading — 
77-83 Sand: Green-gray, medium grained, well sorted, All PE 
argi11ite/quartzite colors (red, pink, purple, rust, yellow, 
butterscotch, gray, black, green, white, clear); Minor silt; 
— Casing falling — Minor GPM — 
— grading — 
83-98 Silt and Sand: Sand as above with varying amounts of light-
tan silt and clay; Average 45'/. silt, 407. sand, and 157. clay; 
— Casing falling — 0 GPM — 
98-99 Clay: Green-gray tan; — Drilling slows — Must push casing -
99-114 Silt and Sand: Light-tan; Sand as above but finer grained; 
Grades from silty-sand at 99' to sandy-silt at 114'; Minor 
clay layer at 105'; — Must push casing — Minor GPM — 
114-116 Silt and Clay: Light-tan, Clay clods in returns; — Must push 
casing — Minor GPM — 
116-217 Silt: Light-tan; No sand component at all; Minor clay 
stringers; One foot thick sand and gravel layer at 213' 
otherwise all 101' look virtually the same; — Easy drilling -
— casing falling — 0 GPM — 
217-230 Silt and Sand: Tan-gray; 507. sand and 507. silt — NO GPM — 
— grading — 
230-266 Sand: Tan-gray, Silty, medium to fine grained, well sorted, 
same p6 colorsas above at 80'; Grading to less silty by 260'; 
— Making =10 GPM — 
— grading — 
266-275 Gravel and Sand: Tan-gray", Gravel size is 2mm.- 20mm. with 
90'/. Tertiary rock and 10'/. well rounded pE rock; Sand as above 
at 230'; — Must pound casing medium hard as formation is 
heaving into bottom — Making =30 GPM but will not clear up — 
(Continued on next page) 
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SULLIVAN SPRING WELL #6 - DRILLING LOG 
(Continued from previous page) 
FEET DESCRIPTION 
275-291 Clay: Gray, very silty; No sand or water at 275' grading to 
sandy with some water at 291'; — Minor GPM — 
— grading — 
291-296 Gravel and Sand: Abundant extremely-fine gray sand; Gravel is 
75% well rounded pG rock and 25'/. Tertiary rock; — Making =200 
GPM, will not clean up, need 130 PSI to blow water from hole -
— Casing medium hard pound — 
296-301 Clayi Gray, very silty; as above at 275'; — 0 GPM — 
301-316 Sand and Gravel i 80'/. Sand and 20'/. gravel; Sand is medium to 
coarse grained, well sorted, same pG colors as at 80'; Gravel 
is well rounded to angular pG and Tertiary rock; Difficult to 
sample because of high discharge; — Making =200+ GPM, will 
not clean up because of abundant extremely fine gray sand — 
316-345 Gravel and Sandi Tan matrix with pink tint; very minor silt; 
Gravels average 50mm., well rounded flat to angular pG rocks 
with minor Tertiary rocks; Pink tint gone by 330'; Grading to 
more sandy by 345'5 — Perforate 320'-340' at Completion — 
— Making 500+ GPM with 125 PSI air at 340' during drilling, 
cleans up great, need heavy foam to lift large cuttings — 
Casing very hard pound — 
— grading — 
345-373 Sand and Gravel: Very similar to above at 316' but with more 
sand; 80% of Gravel is pG and 20% is Tertiary; 80% sand and 
20% gravel at 350'; Grading to 90% very-fine to medium sand at 
365'; — Making =200+ GPM, will not clean up because of sand -
— Casing requires very hard pound (1 hr./20') — 
373 Bedrock: Very hard pG quartzite; slightly weathered on top; 
The only returns are hard translucent gray chips cut by the 
bit; — Drilling is slow (40 min./2.5') — Casing will not 
budge past 373'; Drilled to 376' — 0 GPM — 
— COMPLETION — 
Casing perforated from 320'-340' with pneumatic down-hole 
perforating tool, five vertical rows with 1" by 3/16" slots 
every other inch; Water flowing 2.25" over 6" casing ( =225 
GPM); Shut-in head is 1.40 feet above top of casing. 
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Silt: Light-tan; Very minor clay; -- 0 GPM — 
Silt/Clay: Tan silt; Medium brown clay; Grading 
sandy with green tint 22'-2S'; -- 0 GPM — 
Clay: Green-gray; No sand; Minor silt;—0 GPM— 
Silt/Sand: Green-gray silt w/minor sand at 50'; 
grading to very sandy at 80' , green-gray to 
tan, abundant very fine sand at 140'. 
Silt/Clay: Tan; Grading from mostly silt at 
140' to mostly clay at 195'. 
Silt: Tan; No sand 195'-215'; Abundant fine 
sand 215'-223'5 Grade to minor sand 223'-243'. 
Sand: Light-brown; V.fine to fine gr.; Silty. 
Silt: Tan; Incl. V.fine sand; Grade to gray-
brown silt w/brn clay and minor sand 283'-2B5' 
Sand: Yellow-brn; V.fine gr.; Minor gravel. 
Silt: Tan; Includes very-fine sand. 
Sand: Gray; Med.-fine gr. ; Minor gravel 3-10mm. 
6ravel/Sand: Gravel is precambrian argillite 
and quartzite, 6-12mm.» well rounded, (red, 
green, gray); Sand is gray.— Perforated 319'-
326' at Completion — 
Bedrock: Gray, very hard argillite; Drilled to 
32B'; Slow drilling (20min/ft.). 
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JACKSON WELL #7 - DRILLING LOG 
Drilling Completed: 10/5/8^ 
Recorded By: S.Slagle, D.Briar 
FEET DESCRIPTION 
0-12 Silt: Light-tan; Very minor clay; — 0 GPM --
12-28 Silt and Clay: Tan silt and Medium brown clay; Grading to 
sandy with green tint 22'-28'; — 0 GPM --
28-50 Clay: Green-gray; No sand; Minor silt; — 0 GPM — 
50-140 Silt and Sand: Green-gray silt with minor sand at 50' grading 
to very sandy at 80'; Grading green-gray to tan, abundant very 
fine sand at 140'. 
140-195 Silt and Clay: Tan; Grading from mostly silt at 140' to 
mostly clay at 195'. 
195-243 Silt: Tan; No sand 195' to 215'; Abundant fine sand 215' to 












Tan; Includes very-fine sand; Grading to gray-brown 
th brown clay and minor sand from 283'-285'. 
• 
in 00 OJ 
-295 Sand: Yellow-brown; Very-fine to fine grained; Minor gravel. 
295-•305 Silt: Tan; Includes very-fine sand. 
305-•319 Sand: Gray; Medium to fine grained", Minor gravel 3-10mm. 
319-•326 Gravel and Sand: Gravel is precambrian argillite and 
quartzite, 6-12mm., well rounded, (red, green, gray); Sand is 
gray.— Perforated 319'-326' at Completion — 
326- Bedrock: Gray, very hard argillite; Drilled to 328'; Slow 
drilling <20min/ft.). 
— COMPLETION — 
Casing perforated from 319' to 326' with pneumatic down-hole 
perforating tool> six vertical rows of 1" by 3/16" slots every 
other inch. Bottom of casing is open to bedrock. 
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COCA WELL #10 
STRATIGRAPHIC SECTION 
E L E V  
F E E T  
2 9 2  1  
2 9 0 0  
D E P T H  
F E E T  
2 8 5 0 -
2800 
2 7 5 0  
2 7 0 0 -
o o  o o  o  
a o •<"> r> 
^ iVh -a-
2 6 5 8  2 8 3  
Clay: Brown; Silty; Moist at 10' — 0 GPM --
Sand: Brown; Fine gr.; Some clay;— Minor GPM-
Clay: Silty; Brown; -- 0 GPM — 
Gravel: Sandy/silty; Subang.-subrndd; Volcanic 
and dark quartzite; Some clay; -- =50 GPM --
Gravel: Coarse; Clean; —Making 100-200 GPM— 
Water clears quickly. 
6ravel: Sandy/silty; Some clay: -- Making 100-
200 GPM — Water clears up quickly. 
Gravel: More fines and clay; Water slower to 
clear up (5 MIN) 
Sand: Minor grav.; Med. gr.; — Making 300 GPM 
Cobbles/6ravel: Up to cobbles; Rounded; 
Sandy; Fairly clean; — Making 300 GPM --
Sand: Red-brn; Fine gr,; Minor grav; =30 GPM-
Gravel/Sand: Coarse well-rounded gravels; 
Sand: Red-brn; Fine-med.gr.;--Making = ̂ 0 GPM— 
Gravel/Sand: Coarse well-rounded grav.; Dirty. 
Sand: As above at 2^7*. — Making ~ 200 GPM 
Hard Material: Poss. boulder or clay;—0 GPM--
Gravel: Large round cobbles; Sandy; =300 GPM -
Volcanic Bedrock: Grey; Biotite rich; 
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COCA WELL #10 - DRILLING LOG 
Drilling Completed: ^/27/8<+ 
Recorded By: D.Rogness 
FEET DESCRIPTION 
0-120 Clay: Silty; Lake Missoula Sediments; Brown; Moist at 10'. 
120-135 Sand: Fine grained; Some clay; Brown; — Minor GPM — 
135-155 Clay: Silty; Brown; — 0 GPM — 
155-167 Gravel: Sandy and silty; Subangular to subrounded; Volcanic 
and dark quartzite; Some clay; — Making = 50 GPM — 
167-172 Gravel: Coarse; Clean; —Making 100-200 GPM— Clears quickly. 
172-182 Gravel: Sandy and silty; Some clay; Still Making 100-200 GPM 
— Water clears up quickly. 
182-205 Gravel: More fines and clay; Water slower to clear up (5 min) 
205-225 Sand: Scattered gravels; Medium grained; — Making 300 GPM 
Measured With Flume —; Water clears in 5 minutes but still 
has some sand; More sand with reddish color at 210'. 
225-235 Gravel: Up to V cobbles; Rounded; Sandy; Fairly clean; — 
Making 300 GPM — 
235-2^ Sand: Fine grained; Red-brown; Scattered small gravels; 
Casing falling; — Making ~ 30 GPM — 
Gravel and Sand: Coarse well rounded gravels; Not clearing up 
2^7-250 Sand: Fine to medium grained; Red-brown; Scattered gravels; 
— Making = 30-50 GPM — 
250-253 Gravel and Sand: Coarse well-rounded gravels; Dirty 
253-265 Sand: As above at 2^7'; — Making = 150-250 GPM — 
265-267 Hard Material: Possible boulder or clay; — 0 GPM — 
267-273 Gravel: Large cobbles; Well-rounded; Sandy; Making z 300 GPM 
273-283 Volcanic Bedrock: Weathered; Biotite rich; Grey; Drills 
fairly easily; Drilled open hole 273'-283' 
— Completion — 
Casing perforated from 267' to 27V with pneumatic down-hole 
perforating tool» six vertical rows of 1" by 3/16" slots every 
other inch. Attempted to pull casing up to expose open bottom 
to basal gravel unit with no success. 
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3 1 5 7  
D E P T H  
F E E T  
3  1 0 0  
3 0 5 0  
3 0 0 0 -
if-xP- 6 
2 9 5 0 "  
2 9 0 0  
CvG '06<5 
2 8 5 0 -
2 8 0 0 -
•O'OC.O-. 'wr 
2 7 5 0  
2 7 0 0  
1 8 2  
266 
2 7 3  
280 
2 9 7  
BIG DRAW EAST WELL #18 
STRATIGRAPHIC SECTION 
Cobb 1es/Grave 1/Sand :  T a n  s i l t / .  p G  r o c k  i - D R  
Silt/Gravel: Gravel AA , 70'/. tan s i 1 t ;--DAMP--
Cobbled/Gravel/Sand i Same as 0 '-<*6 ' ;--DAMP 
Sand: Clean; Med.gr.73' to fine gr.88' ;--DAMP--
Siltt Tan, extremely-fine sand ;--DAMP-
SiIt/Sandi S i l t  a a .  I n c r .  g r a v / c r s . s a n d ; - - D A M P -
Gravel/Sand: Rounded pG qravel/crs. sandi-DAMP-
Sandi Crsipoor sort p€ sand w/incr. silt;-DAMP-
— grading 
SI It/Sand J Tan silt w/incr.fine-crs sand;-DAMP-
grading 
2 0 7  
Gravel/Sands pG grav/crs.sand;minor silt;-DAMP-
Sand/Silti Med. to fine gr.sand, 30'/. silt;-DAMP-
grading 
Silt/Sand: Tan silt, Abundant fine sandi-DAMP-
Grave1/Sand: Brn.grades gray-grn at 237';-DAMP-
Sand: Fine grading crs.» gravel at 266';-0 GPM-
layt Coarse sand; med . brown clay;-0 GPM-
6rav*l/Sand> Grn-gry;Rnded grav/crs sand-0 GPM-
Sandl Coarse, poorly sorted pG sand aa;-0 GPM-
Gr ave 1/Sand: Identical to 273-1280 ' above ;-0 GPM-
Silt: Tan, V.fine sand, no sand by 373';-0 GPM-
Sandi Brn; Fine gr. grading to crs.J-Minor GPM-
gr ad i nq 
Sand/6ravel: More gravel, crs.sand;-Mi nor GPM-
Silti Light-tan, no grit, greasy feel; -0 GPM-
Gravel/Sandj Making =90 GPM, sand, won't clear-
Gravel) Making =100 GPM,—Perforated Interval — 
Clay: Minor silt and gravel included;-0 GPM-
Silt: Light-tan; Very-fine sandy; -0 GPM-
Sandl Flows 0' into open casing ;-Minor GPM-
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BIG DRAW EAST WELL #18 - DRILLING LOG 
Drilling Completed: 10/17/8^+ 
Recorded By: D. Briar 
FEET DESCRIPTION 
0-^6 Cobbles, Gravel and Sand: Light-tan silty; 70'/. 100mm.-300mm. 
cobbles and 10mm.-30mm. gravel) angular to well-rounded 
Precambrian argillites and quartzites, colors( red, pink, 
rust, brown, butterscotch, yellow, green, purple, gray, black, 
clear); 10'/. coarse, subangular to subrounded pE sand with same 
colors as gravels; DRV 
^•6-55 Silt and Gravel: Gravel as above with 70'/. light-tan silt 
matrix; DAMP 
55-73 Cobblesi gravel and Sand: Silty; Appears identical to 0'-<+6' 
above; DAMP 
73-88 Sand: Clean, well-sorted, same colors as above; Grading from 
medium grained at 73' to fine grained at 88'; DAMP 
88-102 S i l t s  Light-tan, contains extremely-fine sand with same 
colors as above, no coarse sand or gravel at all; DAMP 
102-113 S i l t  a n d  S a n d !  Silt as above but with increasing gravel and 
coarse sand from 102' to 113'; DAMP 
113-12^ Gravel and Sand: 80'/. well-rounded, 2mm-50mm., p£ gravel and 
coarse sand; Minor light-tan silt; DAMP 
12^-153 Sand: Coarse, poorly sorted, pE sand with intermittent layers 
of ~25mm. well-rounded gravel at 12V grading to fine, 
moderately well-sorted sand at 153'; Minor light-tan slit at 
12V grading to substantial silt at 153; DAMP 
grading 
153-182 S i l t  a n d  S a n d :  Light-tan silt with well-sorted fine sand at 
153' grading to silt with poorly sorted medium to coarse sand 
at 180'; — DAMP — 
grading 
182-207 Gravel and Sand: 80'/. well-rounded pE gravel with coarse sand 
and minor light-tan silt; DAMP 
207-215 Sand and Silt: Medium grained getting finer with depth, 
Abundant light -tan silt; DAMP 
grading 
215-219 S i l t  a n d  S a n d :  Light-tan with abundant fine sand; DAMP — 
219-237 Gravel and Sand: Medium brown; Minor silt decreasing with 
depth; Color grades to gray green at 237'; DAMP 
(continued on next page) 
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BIG DRAW EAST WELL #18 - DRILLING LOG 
(Continued from previous page) 
FEET DESCRIPTION 
237-266 Sands Medium brown, fine, well-sorted, with no gravel at 237' 
grading to coarse, poorly sorted with occasional gravel at 
266'; — DAMP — 
266-273 Sand and Clayi Coarse sand with medium brown clay;— DAMP 
273-280 6ravel and Sand: Green-gray; Gravel is 95*/. well rounded pG 
rock and 5'/» angular fragments; Sand is very coarse and poorly 
sorted; DAMP 
280-297 Sand: Coarse, poorly sorted pE sand as above; DAMP 
297-348 Gravel and Sand: Identical to 273'-280'; DAMP 
348-373 S i l t :  Light-tan, very-fine sandy grading to no sand at 373'; 
— DAMP — 
373-400 Sand: Brown-green-gray matrix; Same pE colors as above; Fine 
grained and well sorted at 373' grading to coarser and less 
well sorted at 400';— Making minor GPM but will not clear — 
400-423 Sand and Gravel: Medium-brown; Sand as immediately above but 
25% well rounded, 10mm-25mm., pG gravel; Grading to more 
gravel and coarser sand with depth; Minor GPM 
423-429 S i l t :  Light-tan, no grit, greasy feel; 0 gpm 
429-440 Gravel and Sand: Medium-brown, pE rock; Making =80-100 
water and =20-30 GPM sand, will not clear up after 30 min. 
440-444 Gravel: Same as immediately above but no sand; Making 
=100 GPM, clears up after 10 min.;— Perforated Interval — 
444-448 Clay: Minor silt and gravel included; Clay clods (2") in 
returns; 0 GPM 
448-465 S i l t :  Light-tan; Very-fine sandy; 0 GPM 
465-480 Sand: Medium-brown*, Same pE colors as at surface; Sand flows 
40' into casing under artesian pressure; minor GPM 
COMPLETION 
Six inch steel casing was driven to 460' and sealed at the 
bottom with a double packer assembly. Casing was perforated 
from 440' to 444' with a pneumatic down-hole perforating tool. 
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APPENDIX B — WATER LEVEL DATA 
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KEY FOR STATIC WATER LEVEL DATA 
— All water levels are expressed in feet of elevation above sea level and 
are surveyed in to an accuracy of 0.01' 
— Asterisk (*) to right of elevation denotes actual measurement date. 
— the plotting program creates daily elevations for wells without 
continuous recorders by assuming a l inear rate of change between 
actual measurement dates (see page 20). 
— Wells #1, #2s, and #3s have had Stevens Type-F continuous recorders 
installed from 4-26-86 to 5-19-87. Asterisks to the right of 
elevations denote date of chart change and measurement with 
steel tape 
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tft ldwoc ,£ooLri W£LL 'eN WELL-eS «ELL-3N WEL|.-3S WELL-4 WELL-5 HELL-6 WELL-7 WELL-B WELL-10 WELL-11 WELL-1E WELL-13 WELL-16 UELL-17 HELL-18 
2777-79 2896-81 291<M3t 
A in?ih pSqq'J 2777,81 2096-81 2910-13 10/02/0j 2899.M ?777 ?R9k  fli PQtfl IP 
10/03/85 2899.41 2917.60* 2777'85 2096 8 29 0 12 
10/04/85 2899.39 2917.63 g^B? IS96'.IS 29 0." I  
10/05/85 2B99.38 2917.66 2777.89 2896 80 29 0 1 
10/06/85 2899.36 2917.69 2777.91 29 0 
10/07/85 2899.36 2917.73 2777.93 2896 80 29 0 
10/08/85 2899.35 2917.76 2777.95 2896 80 29 00 
10/09/85 2899.34 2917.79 2777.97 2896 80 S 
0/10/85 2899.33 2917.82 2777.99 2896 80 29 0 0 
10/11/85 2899.32 2917.85 2770.01 2896.79 29 0.09 
10/12/85 2099.31 2917.08 2778.03 2096.79 2910.09 
10/13/85 2899.30 2917.91 2778.05 2896.79 2910.09 
10/14/85 2899.28 2917.94 2778.06 2896.79 29 0 09 
10/15/85 2899.27 2917.98 2778.08 2896.79 2910.08 
10/16/85 2B99.26 2918.01 2778.10 2896.79 29 0 08 
10/17/85 2899.25 2918.04 2778.12 2896.79 29 0 08 
10/18/85 2899.24 2918.071 2938.26* 2778.14 2896.78 29 0 07 
10/19/85 2899.23 2918.02 2938.36 2778.16 2896.78 29 0 07 
10/20/85 2899.22 2917.97 2938.47 2778.18 2896.78 2910 07 
_ 10/21/85 2899.21 2917.92 2938.57 2778.20 2896.78 29 0.06 
£ 10/22/85 2899.20 2917.88 2938.67 2778.22 2896.78 2910 06 
w 10/23/85 2899.19 2917.83 2938.77 2778.24 2806.78 2910 06 
10/24/85 2899.18 2917.78 2938.8B 2778.26 2896.78 29 0 05 
10/25/85 2899.17 2917.73 2938.98 2778.28 2896.77 2910.05 
10/26/85 2899.16*2917.68*2917.67*2940.67*2939.08*2896.06*2891.09*2866.07*2778.30 2896.77 2910 05 
10/27/85 2899.15 2917.65 2917.63 2940.59 2939.01 2896.06 2891.08 2866.07 2778.32 2096.77 2910*04 
10/28/85 2899.14 2917.62 2917.59 2940.51 2938.95 2896.06 2891.07 2866.06 2778.34* 2896.77* 2910 04* 
10/29/85 2899.14 2917.59 2917.55 2940.43 2938.88 2B96.06 2891.06 2866.06 2778.36 2896.76 2910 04 
10/30/85 2899.13 2917.55 2917.51 2940.35 2938.82 2896.06 2891.06 2866.06 2778.38 2896.76 2910 03 
10/31/85 2899.12 2917.52 2917.47 2940.28 2938.75 2896.06 2891.05 2866.06 2778.39 2896.75 2910 03 
11/01/85 2899.11 2917.49 2917.43 2940.20 2938.68 2896.06 2891.04 2866.05 2778.41 2896.74 2910.02 
11/02/85 2899.10 2917.46 2917.39 2940.12 2938.62 2896.06 2091.03 2866.05 2778.43 2896.74 2910 02 
11/03/85 2899.09 2917.43 2917.36 2940.04 2938.55 2896.06 2891.02 2866.05 2778.45 2896.73 2910 02 
11/04/85 2899.09 2917.40 2917.32 2939.96 2938.49 2896.06 2891.01 2866.04 2778.47 2896.72 2910 01 
11/05/85 2899.08 2917.36 2917.28 2939.88 2938.42 2896.06 2891.00 2866.04 2778.48 2896.72 291o'oi 
11/06/85 2899.07 2917.33 2917.24 2939.80 2938.36 2896.06 2891.00 2866.04 2778.50 2896.71 2910 01 
11/07/85 2899.06 2917.30 2917.20 2939.72 2938.29 2896.06 2890.99 2866.03 2778.52 2896.70 2910 00 
11/08/85 2899.05 2917.27 2917.16 2939.64 2938.22 2896.06 2890.98 2866.03 2778.54 2896.69 2910*00 
11/09/05 2899.05 2917.24 2917.12 2939.56 2938.16 2896.06 2890.97 2866.03 2778.55 2896.69 2909*99 
11/10/05 2899.04 2917.21 2917.08 2939.49 2938.09 2896.06 2890.96 2866.03 2770.57 2896.68 2909*99 
11/11/85 2899.03 2917.18 2917.04 2939.41 2938.03 2896.06 2890.95 2866.02 2778.59 2896.67 2909*99 
11/12/85 2899.02 2917.14 2917.00 2939.33 2937.96 2896.06 2890.94 2866.02 2778.61 2896.67 2909*98 
11/13/85 2899.01 2917.11 2916.96 2939.25 2937.89 2896.06 2890.94 2866.02 2778.63 2896.66 2909*98 
11/14/85 2899.00 2917.08 2916.92 2939.17 2937.83 2896.07 2890.93 2866.01 2778.64 2B96.65 29o9*9fl 
11/15/85 2899.00 2917.05 2916.88 2939.09 2937.76 2896.07 2890.92 2866.01 2778.66 2896.65 2909*97 
DATE UELL-1 WELL-2N WELL-2S WELL-3N 
11/16/85 2898.99 2917.02 2916.84 2939.01 
11/17/85 2898.98 2916.99 2916.80 2938.93 
11/18/85 2898.97 2916.95 2916.76 2938.85 
11/19/85 2898.96 2916.92 2916.73 2938.77 
11/20/85 2898.95 2916.89 2916.69 2938.70 
11/21/85 2898.95 2916.86 2916.65 2938.62 
11/22/85 2898.94 2916.83 2916.61 2938.54 
11/23/05 2890.93 2916.80 2916.57 2938.46 
11/24/85 2098.92 2916.77 2916.53 2938.38 
11/25/85 2898.91 2916.73 2916.49 2938.30 
11/26/85 2898.91 2916.70 2916.45 2938.22 
11/27/85 2890.90 2916.67 2916.41 2930.14 
11/28/05 2898.89 2916.64 2916.37 2938.06 
11/29/85 2898.88 2916.61 2916.33 2937.98 
11/30/85 2898.87 2916.58 2916.29 2937.91 
12/01/05 2098.86 2916.54 2916.25 2937.83 
12/02/85 2090.06 2916.51 2916.21 2937.75 
12/03/05 2090.05 2916.40 2916.17 2937.67 
12/04/85 2898.84 2916.45 2916.14 2937.59 
12/05/85 2898.03 2916.42 2916.10 2937.51 
12/06/05 2098.82 2916.39 2916.06 2937.43 
12/07/85 2090.02 2916.36 2916.02 2937.35 
12/00/05 2898.01 2916.32 2915.90 2937.27 
12/09/05 2890.80 2916.29 2915.94 2937.20 
12/10/85 2898.79 2916.26 2915.90 2937.12 
12/11/85 2898.78 2916.23 2915.86 2937.04 
12/12/85 2898.77 2916.20 2915.82 2936.96 
12/13/85 2890.77 2916.17 2915.70 2936.08 
12/14/85 2898.76 2916.13 2915.74 2936.80 
12/15/85 2898.75 2916.10 2915.70 2936.72 
12/16/05 2890.74 2916.07 2915.66 2936.64 
12/17/05 2898.73 2916.04 2915.62 2936.56 
12/18/85 2090.73 2916.01 2915.50 2936.48 
12/19/85 2898.72 2915.9B 2915.54 2936.41 
12/20/85 2898.71 2915.95 2915.51 2936.33 
12/21/85 2890.70 2915.91 2915.47 2936.25 
12/22/05 2898.69 2915.88 2915.43 2936.17 
12/23/85 2898.68 2915.85 2915.39 2936.09 
12/24/85 2898.68 2915.82 2915.35 2936.01 
12/25/85 2898.67 2915.79 2915.31 2935.93 
12/26/05 2898.66 2915.76 2915.27 2935.85 
12/27/85 2898.65 2915.72 2915.23 2935.77 
12/28/85 2898.64 2915.69 2915.19 2935.69 
12/29/85 2898.63 2915.66 2915.15 2935.62 
12/30/85 2898.63 2915.63 2915.11 2935.54 
12/31/85 2898.62 2915.60 2915.07 2935.46 
01/01/86 2890.61 2915.57 2915.03 2935.38 
WELL-3S UELL-4 HELL-5 WELL-6 WELL-7 
2937.70 2896.07 2890.91 2866.01 2778.68 
2937.63 2896.07 2890.90 2866.01 2778.70 
2937.56 2896.07 2890.89 2866.00 2778.72 
2937.50 2896.07 2890.88 2866.00 2778.73 
2937.43 2896.07 2890.88 2866.00 2778.75 
2937.37 2896.07 2890.87 2865.99 2778.77 
2937.30 2B96.07 2890.B6 2865.99 2778.79 
2937.23 2896.07 2890.85 2865.99 2778.81 
2937.17 2896.07 2890.84 2865.99 2778.82 
2937.10 2896.07 2090.83 2065.98 2778.84 
2937.04 2896.07 2890.82 2865.90 2770.86 
2936.97 2896.07 2890.82 2865.98 2778.88 
2936.91 2896.07 2890.81 2865.97 2778.89 
2936.84 2896.07 2890.80 2865.97 2778.91 
2936.77 2896.07 2890.79 2865.97 2778.93 
2936.71 2896.07 2890.78 2865.96 2778.95 
2936.64 2896.07 2890.77 2865.96 2778.97 
2936.50 2096.07 2090.76 2865.96 2778.90 
2936.51 2096.07 2090.76 2065.96 2779.00 
2936.44 2096.07 2890.75 2865.95 2779.02 
2936.30 2896.07 2890.74 2865.95 2779.04 
2936.31 2896.07 2890.73 2865.95 2779.06 
2936.25 2896.07 2890.72 2865.94 2779.07 
2936.10 2896.07 2090.71 2865.94 2779.09 
2936.11 2896.07 2890.70 2865.94 2779.11 
2936.05 2896.07 2890.69 2865.94 2779.13 
2935.98 2896.07 2890.69 2865.93 2779.15 
2935.92 2896.07 2890.68 2865.93 2779.16 
2935.85 2896.07 2890.67 2865.93 2779.18 
2935.79 2896.07 2890.66 2865.92 2779.20 
2935.72 2896.07 2890.65 2865.92 2779.22 
2935.65 2896.07 2890.64 2865.92 2779.23 
2935.59 2896.07 2890.63 2865.92 2779.25 
2935.52 2896.07 2890.63 2865.91 2779.27 
2935.46 2896.07 2890.62 2865.91 2779.29 
2935.39 2896.07 2890.61 2865.91 2779.31 
2935.32 2896.08 2890.60 2865.90 2779.32 
2935.26 2896.08 2890.59 2865.90 2779.34 
2935.19 2896.08 2890.58 2865.90 2779.36 
2935.13 2896.08 2890.57 2865.09 2779.38 
2935.06 2096.08 2890.57 2865.89 2779.40 
2934.99 2896.08 2890.56 2865.89 2779.41 
2934.93 2896.08 2890.55 2865.89 2779.43 
2934.86 2896.08 2890.54 2865.88 2779.45 
2934.80 2896.08 2890.53 2865.88 2779.47 
2934.73 2896.08 2890.52 2865.88 2779.49 
2934.66 2896.08 2890.51 2865.87 2779.50 
















































DATE WELL-1 HELL-EN WELL-2S HELL-3N WELL-3S WELL-4 HELL-5 WELL-6 HELL-7 WELL-8 HELL 
01/02/86 2898.60 2915.54 2914.99 2935.30 2934.60 2896.08 2890.51 2865.87 2779.52 
01/03/86 2898.59 2915.50 2914.95 2935.22 2934.53 2896.08 2890.50 2865.87 2779.54 
01/04/86 2898.59 2915.47 2914.91 2935.14 2934.47 2896.08 2890.49 2865.87 2779.56 
01/05/86 2898.58 2915.44 2914.88 2935.06 2934.40 2896.08 2890.48 2865.86 2779.57 
01/06/86 2898.57 2915.41 2914.84 2934.98 2934.34 2896.08 2890.47 2865.86 2779.59 
01/07/86 2898.56 2915.36 2914.80 2934.90 2934.27 2896.08 2890.46 2865.86 2779.61 
01/08/86 2898.55 2915.35 2914.76 2934.83 2934.20 2896.08 2890.45 2865.85 2779.63 
01/09/86 2898.54 2915.31 2914.72 2934.75 2934.14 2896.08 2890.45 2865.85 2779.65 
01/10/86 2898.54 2915.28 2914.68 2934.67 2934.07 2896.08 2890.44 2865.85 2779.66 
01/11/86 2898.53 2915.25 2914.64 2934.59 2934.01 2896.08 2890.43 2865.85 2779.68 
01/12/86 2898.52*2915.2212914.6* 2934.51*2933.94*2896.08 2890.42*2865.84 2779.70*2865.64* 
01/13/86 2898.56 2915.22 2914.60 2934.46 2933.90 2896.08 2890.50 2865.84 2779.73 2865.65 
01/14/86 2898.61 2915.21 2914.59 2934.42 2933.85 2896.08 2890.59 2865.84 2779.76 2865.66 
01/15/86 2898.65 2915.21 2914.59 2934.37 2933.81 2896.08 2890.67 2865.83 2779.79 2865.67 
01/16/86 2898.69 2915.20 2914.58 2934.33 2933.76 2896.08 2890.75 2865.83 2779.82 2865.67 
01/17/86 2898.73 2915.20 2914.58 2934.28 2933.72 2896.08 2090.84 2865.83 2779.86 2865.68 
01/18/86 2898.78 2915.19 2914.57 2934.24 2933.67 2896.08 2890.92 2865.82 2779.89 2865.69 
01/19/86 2898.82 2915.19 2914.57 2934.19 2933.63 2896.08 2891.00 2865.82 2779.92 2865.70 
01/20/86 2898.86 2915.18 2914.56 2934.15 2933.58 2896.08 2891.09 2865.82 2779.95 2865.71 
01/21/86 2898.90 2915.18 2914.56 2934.10 2933.54 2896.08 2891.17 2865.82 2779.98 2865.72 
01/22/86 2898.95 2915.17 2914.55 2934.05 2933.49 2896.08 2891.26 2865.81 2780.01 2865.73 
01/23/86 2898.99 2915.17 2914.55 2934.01 2933.45 2896.08 2891.34 2865.81 2780.04 2865.73 
01/24/86 2899.03 2915.16 2914.54 2933.96 2933.40 2896.08 2891.42 2865.81 2780.07 2865.74 
01/25/86 2899.08 2915.16 2914.54 2933.92 2933.36 2896.08 2891.51 2865.80 2780.10 2865.75 
01/26/86 2899.12 2915.15 2914.53 2933.87 2933.31 2896.08 2891.59 2865.80 2780.13 2865.76 
01/27/86 2899.16 2915.15 2914.53 2933.83 2933.27 2896.08 2891.67 2865.80 2780.17 2865.77 
01/28/86 2899.20 2915.14 2914.52 2933.78 2933.22 2896.08 2891.76 2865.80 2780.20 2865.78 
01/29/86 2899.25 2915.14 2914.52 2933.74 2933.18 2896.09 2891.84 2865.79 2780.23 2865.78 
01/30/86 2899.29 2915.13 2914.51 2933.69 2933.13 2896.09 2891.92 2865.79 2780.26 2865.79 
01/31/86 2899.33 2915.13 2914.51 2933.64 2933.09 2896.09 2892.01 2865.79 2780.29 2865.80 
02/01/86 2899.37 2915.12 2914.50 2933.60 2933.04 2896.09 2892.09 2865.78 2780.32 2865.81 
02/02/86 2899.42 2915.12 2914.50 2933.55 2933.00 2896.09 2892.17 2865.78 2780.35 2865.82 
02/03/86 2899.46 2915.11 2914.49 2933.51 2932.95 2896.09 2892.26 2865.78 2780.38 2865.83 
02/04/86 2899.50 2915.11 2914.49 2933.46 2932.91 2896.09 2092.34 2865.78 2780.41 2865.84 
02/05/86 2899.55 2915.10 2914.48 2933.42 2932.86 2896.09 2892.42 2865.77 2780.44 2865.84 
02/06/86 2899.59 2915.10 2914.48 2933.37 2932.82 2896.09 2892.51 2865.77 2780.48 2865.85 
02/07/86 2899.63 2915.09 2914.47 2933.33 2932.77 2896.09 2892.59 2865.77 2780.51 2865.86 
02/08/86 2899.67 2915.09 2914.47 2933.28 2932.73 2896.09 2892.67 2865.76 2780.54 2865.87 
02/09/86 2899.72 2915.08 2914.46 2933.23 2932.68 2896.09 2892.76 2865.76 2780.57 2865.88 
02/10/86 2899.76 2915.08 2914.46 2933.19 2932.64 2896.09 2892.84 2865.76 2780.60 2865.89 
02/11/86 2899.80 2915.07 2914.45 2933.14 2932.59 2896.09 2892.93 2865.75 2780.63 2865.90 
02/12/86 2899.84 2915.07 2914.45 2933.10 2932.55 2896.09 2893.01 2865.75 2780.66 2865.90 
02/13/86 2899.89 2915.06 2914.44 2933.05 2932.50 2896.09 2893.09 2865.75 2780.69 2865.91 
02/14/86 2899.93 2915.06 2914.44 2933.01 2932.46 2896.09 2893.18 2865.75 2780.72 2865.92 
02/15/86 2899.97 2915.05 2914.43 2932.96 2932.41 2896.09 2893.26 2065.74 2780.76 2865.93 
02/16/86 2900.02 2915.05 2914.43 2932.92 2932.37 2896.09 2893.34 2865.74*2780.79 2865.94 
02/17/86 2900.06 2915.04*2914.42*2932.87*2932.32*2896.09*2893.43 2865.77 2780.82 2865.95 











2889.24* 3007.05*2896.25* 2909.75* 
2889.24 3007.32 2896.28 2909.75 
2889.25 3007.58 2896.32 2909.75 
2889.25 3007.85 2896.35 2909.74 
2889.26 3008.12 2896.38 2909.74 
2889.26 3008.38 2896.42 2909.74 
2889,27 3008.65 289t.45 2909.74 
2889.27 3008.92 2896.48 2909.73 
2889.28 3009.18 2896.52 2909.73 
2889.28 3009.45 2896.55 2909.73 
2889.29 3009.72 2896.59 2909.73 
2889.29 3009.98 2896.62 2909.72 
2889.30 3010.25 2896.65 2909.72 
2889.30 3010.52 2896.69 2909.72 
2889.31 3010.78 2896.72 2909.72 
2889.31 3011.05 2896.75 2909.71 
2889.32 3011.32 2896.79 2909.71 
2889.32 3011.58 2896.82 2909.71 
2889.33 3011.85 2896.85 2909.71 
2889.33 3012.12 2896.89 2909.70 
2889.34 3012.38 2896.92 2909.70 
2889.34 3012.65 2896.95 2909.70 
2809.35 3012.92 2896.99 2909.69 
2889.35 3013.18 2897.02 2909.69 
2889.36 3013.45 2097.H5 2909.69 
2889.36 3013.72 2897.09 2909.69 
2809.37 3013.98 2897.12 2909.69 
28B9.37 3014.25 2897.15 2909.68 
2889.38 3014.52 2897.19 2909.68 
2889.38 3014.78 2B97.22 2909.68 
2889.39 3015.05 2897.26 2909.67 
2889.39 3015.32 2897.29 2909.67 
2889.40 3015.58 2897.32 2909.67 
2889.40 3015.85 2897.36 2909.67 
2889.41 3016.12 2897.39 2909.67 
2889.41* 3016.38 2897.42 2909.66 
2809.46 2907. 07*3016.65 2 8 9 7 . 4 6  ?909.66i 
DATE WELL-1 WELL-EN WELL-ES WELL-3N WELL-3S WELL-4 WELL-5 WELL-6 WELL-7 WELL-8 WELL 
02/18/86 S900.10 E915.31 2914.70 S933.55 E93S.93 S896.16 E893.51 2865.79 E780.85 E865.95 
02/19/86 2900.14 2915.58 E914.9B E934.2E E933.54 E896.E4 E893.59 E865.82 2780.88 2865.96 
02/20/86 E900.19 E915.84 E915.E6 £934.90 S934.15 E896.31 E893.68 2865.85 2780.91 2865.97 
02/21/86 2900.E3 2916.11 E915.54 E935.58 2934.76 2896.38 2893.76 2865.87 2780.94 2865.98 
02/22/86 2900.27 2916.38 E915.81 2936.25 E935.37 E896.46 E893.84 2865.90 2780.97 E865.99 
02/23/86 2900.31 E916.65 2916.09 2936.93 2935.98 2896.53 2893.93 2865.93 E781.00 E866.00 
02/24/86 2900.36 E916.91 2916.37 2937.60 E936.59 E896.60 2894.01 E865.95 E781.03 E866.01 
02/25/86 2900.40 2917.18 2916.65 E938.E8 2937.E0 2896.68 2894.09 2865.98 2781.07 2866.01 
0E/E6/86 2900.44 E917.45 2916.93 2938.96 E937.81 2896.75 2894.18 2866.01 2781.10 2866.02 
02/27/86 2900.49 E917.7E E917.21 E939.63 E938.4E £896.82 £894.£6 £866.03 £781.13 £866.03 
OS/28/86 £900.53 E917.99 2917.49 E940.31 2939.04 E896.B9 £894.34 £866.06 £781.16 £866.04 
03/01/86 £900.57 £918.£5 2917.77 2940.99 £939.65 £896.97 £894.43 2866.09 2781.19 £866.05 
03/0E/86 £900.61 £918.52 2918.04 £941.66 2940.£6 £897.04 £894.51 £866.11 2781.EE £866.06 
03/03/86 £900.66 £918.79 2918.32 E94E.34 £940.87 £897.11 £894.60 £866.14 £781.£5 £866.07 
03/04/86 £900.70 2919.06 £918.60 £943.02 2941.48 £897.19 £894.68 £866.17 £781.£8 £866.07 
03/05/86 £900.74 E919.3E E918.88 £943.69 294E.09 2897.26 E894.76 £866.19 2781.31 2866.00 
03/06/86 2900.78 £919.59 £919.16 £944.37 £942.70 2897.33 2894.85 2866.22 E781.35 £866.09 
03/07/86 £900.83 £919.86 £919.44 £945.04 £943.31 £897.41 £894.93 £866.E5 £781.38 £866.10 
03/08/86 £900.87 E9E0.13 £919.7E £945.72 E943.9E £897.48 £895.01 2866.27 2781.41 2866.11 
03/09/86 2900.91 2920.40 2920.00 2946.40 2944.53 2897.55 2B95.10 2866.30 2781.44 2866.12 
03/10/86 2900.96 E9E0.66 29E0.E7 £947.07 £945.14 £897.63 £895.18 £866.33 £781.47 £866.IE 
03/11/86 2901.00 E9E0.93 E9E0.55 £947.75 2945.75 2897.70 2895.26 2866.35 2781.50 2866.13 
£ 03/12/86 2901.04 £921.20 2920.83 2948.43 2946.36 £897.77 £895.35 £866.38 £781.53 £866.14 
oo 03/13/86 2901.08 2921.47 2921.11 2949.10 2946.97 2897.85 E895.43 2866.41 2781.56 2866.15 
03/14/86 2901.13 2921.74 2921.39 2949.78 2947.58 2897.92 2895.51 2866.43 2781.59 £866.16 
03/15/86 2901.17 2922.00 2921.67 2950.45 2948.19 £897.99 £895.60 £866.46 £781.6£ 2866.17 
03/16/86 £901.El E9EE.E7 E9E1.95 £951.13 £948.80 £898.07 £895.68 £866.49 £781.66 £866.18 
03/17/86 £901.E5 E9EE.54 E9EE.E3 E951.81 £949.41 £898.14 £895.76 £866.51 £781.69 £866.18 
03/18/86 £901.30 E9EE.81 E9EE.50 E95E.48 £950.OE £898.£1 £895.85 £866.54 £781.7E £866.19 
03/19/86 £901.34 E9E3.07 E9EE.78 £953.16 2950.63 2898.29 £895.93 2866.57 2781.75 2866.20 
03/20/86 2901.38 E9E3.34 E9E3.06 2953.84 2951.25 2898.36 2896.01 2866.59 2781.78 2866.21 
03/21/86 2901.43 2923.61 2923.34 2954.51 2951.86 2898.43 2896.10 2866.62 2781.81 2866.22 
03/22/86 2901.47 2923.88 2923.62 2955.19 2952.47 2898.50 2896.18 2866.65 2781.84 2866.23 
03/23/86 2901.51 2924.15 2923.90 2955.87 E953.08 £898.58 £896.£7 £866.67 £781.87 £866.E4 
03/E4/86 £901.55 E9E4.41 E9E4.18 £956.54 £953.69 £898.65 £896.35 £866.70 2781.90 £866.£4 
03/25/86 2901.60 2924.68 2924.46 2957.22 2954.30 2898.72 2896.43 2866.73 2781.93 2866.25 
03/26/86 2901.64 2924.95 2924.73 2957.89 2954.91 2898.80 2896.52 2866.75 2781.97 2866.26 
03/27/86 2901.68 2925.22 E9E5.01 £958.57 2955.5E 2898.87 2896.60 2866.78 2782.00 2866.27 
03/28/86 E901.7E E9E5.48 E9E5.E9 £959.£5 £956.13 £898.94 £096.60 2866.81 2782.03 2866.28 
03/29/86 2901.77 2925.75 2925.57 2959.92 2956.74 2899.02 2896.77 2866.83 2782.06 2866.29 
03/30/86 2901.81*2926.02«£9£5.85*£960.60*£957.35+EB99.09»E896.85*2866.86*2782.09»2866.29 
03/31/86 2901.81 2926.21 2926.03 2960.55 2957.35 2099.09 2096.85 2866.85 2782.12 2866.30 
04/01/86 2901.81 2926.40 2926.21 2960.50 2957.36 2899.10 2896.84 2866.84 27B2.15 2866.31 
04/02/86 2901.81 2926.59 2926.39 2960.44 2957.36 2899.10 2896.84 2866.84 £782.10 2866.32 
04/03/86 2901.81 2926.77 2926.57 2960.39 2957.36 2899.10 2896.84 2866.83 2782.22 2866.33 
04/04/86 2901.81 2926.96 2926.75 2960.34 2957.36 2899.10 2896.84 2866.82 £782.25 2866.34 
04/05/86 2901.81 2927.15 2926.93 2960.29 2957.37 2899.11 2896.83 2866.81 2782.28 2866.35 
10 WELL -11 WELL -12 WELL-13 WELL-16 WELL-17 WELL-18 
E889.5E £907.£6 3016.9£ 2897.49 2909.68 
2889.57 2907.45 3017.18 2897.52 2909.70 
2889.63 2907.64 3017.45 2897.56 2909.73 
2889.68 2907.83 3017.71 2897.59 2909.75 
2889.74 2908.02 3017.98 2897.62 2909.77 
2889.79 2908.21 3018.25 2897.66 E909.79 
£889.85 E908.40 3018.51 £897.69 £909.81 
2889.90 2908.59 3018.78 2897.72 2909.83 
£889.96 £908.78 3019.05 2897.76 £909.86 
£890.01 £908.97 3019.31 £897.79 £909.88 
£890.07 £909.16 3019.58 2897.82 2909.90 
£890.IE £909.35 3019.85 2897.86 2909.92 
2890.18 £909.54 30E0.11 £897.89 £909.94 
£890.E3 £909.73 30E0.3B 2897.93 £909.96 
£890.29 2909.92 3020.65 2897.96 2909.99 
2890.34 2910.11 3020.91 2897.99 2910.01 
2890.40 E910.30 3021.18 2898.03 2910.03 
2890.45 £910.49 30E1.45 2898.06 2910.05 
2890.51 2910.68 3021 .71 2898.<'9 2910.07 
2890.56 2910.87 3021.98 2898.13 2910.09 
2890.61 2911.05 3022.25 2898.16 2910.12 
2890.67 2911.24 3022.51 2898.19 2910.14 
2890.72 2911.43 3022.78 2898.23 2910.16 
2890.78 2911.62 3023.05 2898.26 2910.18 
2890.83 2911.81 3023.31 2898.29 2910.20 
2890.89 2912.00 3023.58 2898.33 2910.22 
2890.94 2912.19 3023.85 2898.36 2910.25 
2891.00 2912.38 3024.11 2898.39 2910.27 
2891.05 2912.57 3024.38 2898.43 2910.29 
2891.11 2912.76 3024.65 2898.46 2910.31 
2891.16 2912.95 3024.91 2898.49 2910.33 
2891.22 2913.14 3025.18 2898.53 2910.35 
2891.27 2913.33 3025.45 2890.56 2910.38 
2891.33 2913.52 3025.71 2898.60 2910.40 
2891.38 2913.71 3025.98 2098.63 2910.42 
2891.44 2913.90 3026.25 2898.66 2910.44 
2891.49 2914.09 3026.51 2890.70 2910.46 
2891.55 2914.28 3026.78 2898.73 2910.48 
2891.60 2914.47 3027.05 2898.76 2910.51 
2891.66 2914.66 3027.31 2898.80 2910.53 
2891.71*2914.85*3027.58*2098.83* 2910.55* 
2891.74 2914.95 3027.67 2898.08 2910.56 
2891.77 2915.05 3027.76 2898.92 2910.57 
2891.80 2915.14 3027.04 2890.97 2910.58 
2891.82 2915.24 3027.93 2899.01 2910.59 
2891.85 2915.34 3028.02 2899.06 2910.60 
2891.88 2915.44 3028.11 2899.10 2910.61 
DATE WELL-1 UELL-2N WELL-2S WELL-3N WELL-3S WELL-4 WELL-5 WELL-6 WELL-7 WELL-B WELL 
04/06/86 2901.81 2927.34 2927.11 2960.24 2957.37 2899.11 2896.83 2866.81 2782.31 2866.35 
04/07/86 2901.81 2927.53 2927.28 2960.IB 2957.37 2899.11 2896.83 2866.80 2782.34 2866.36 
04/08/86 2901.81 2927.72 2927.46 2960.13 2957.38 2899.12 2896.82 2866.79 2782.37 2866.37 
04/09/86 2901.81 2927.91 2927.64 2960.08 2957.30 2899.12 2896.82 2866.70 2782.40 2866.38 
04/10/86 2901.81 2920.09 2927.82 2960.03 2957.30 2899.12 2896.82 2B66.77 2782.44 2866.39 
04/11/86 2901.81 2928.20 2920.00 2959.97 2957.30 2099.12 2896.B2 2866.77 2782.47 2866.40 
04/12/86 2901.81 2928.47 2928.10 2959.92 2957.39 2899.13 2896.81 2866.76 2702.50 2066.41 
04/13/86 2901.0H2928.66*2928.36»2959.07*2957.39*2099.13*2896.81*2866.75*2782.53*2066.41 
04/14/06 2901.81 2928.94 2928.55 2959.83 2957.41 2899.14 2896.79 2866.75 2782.55 2B66.42 
04/15/86 2901.81 2929.21 2928.73 2959.78 2957.42 2899.15 2896.78 2866.75 2782.58 2866.43 
04/16/86 2901.82 2929.49 2928.92 2959.74 2957.44 2899.16 2896.76 2866.75 2782.60 2866.44 
04/17/86 2901.82 2929.76 2929.10 2959.69 2957.45 2899.17 2896.74 2866.75 2782.62 2866.45 
04/18/86 2901.82 2930.04 2929.29 2959.65 2957.47 2899.18 2896.72 2866.75 2782.64 2866.46 
04/19/86 2901.82 2930.32 2929.47 2959.60 2957.48 2899.19 2896.71 2866.75 2782.67 2866.46 
04/20/86 2901.83 2930.59 2929.66 2959.56 2957.50 2899.20 2896.69 2866.75 2782.69 2866.47 
04/21/86 2901.83 2930.87 2929.84 2959.51 2957.51 2899.22 2896.67 2066.76 2782.71 2866.48 
04/22/86 2901.83 2931.15 2930.03 2959.47 2957.53 2899.23 2896.65 2866.76 2782.73 2866.49 
04/23/86 2901.83 2931.42 2930.21 2959.42 2957.54 2899.24 2896.64 2866.76 2782.75 2066.50 
04/24/86 2901.84 2931.70 2930.40 2959.38 2957.56 2899.25 2896.62 2866.76 2782.78 2866.51 
04/25/86 2901.84 2931.97 2930.58 2959.33 2957.57 2899.26 2896.60 2866.76 2782.80 2866.52 
04/26/86 2901.84*2932.25*2930.77*2959.29*2957.59*2899.27 2896.50 2066.76 2782.82 2866.52 
04/27/86 2901.04 2932.44 2930.06 2959.27 2957.61 2899.28 2896.57 2866.75*2782.85 2866.53 
04/28/86 2901.83 2932.63 2931.10 2959.26 2957.46 2899.29 2896.55 2866.76 2782.07 2066.54 
04/29/86 2901.82 2932.83 2931.31 2959.24 2957.29 2899.30*2896.53*2866.76 2782.89*2866.55* 
04/30/86 2901.82 2933.02 2931.47 2959.23 2957.11 2899.29 2896.52 2866.76 2782.81 2866.55 
05/01/06 2901.83 2933.21 2931.68 2959.21 2957.03 2899.28 2896.51 2866.76 2782.73 2866.54 
05/02/86 2901.84 2933.40 2931.92 2959.20 2956.94 2899.28 2096.50 2866.75 2782.65 2866.54 
05/03/86 2901.85 2933.59 2932.13 2959.18 2956.89 2899.27 2896.49 2066.75 2782.57 2866.54 
05/04/86 2901.93 2933.79 2932.37 2959.16 2957.03 2899.26 2896.49 2866.75 2782.48 2866.53 
05/05/86 2901.87 2933.98 2932.56 2959.15 2956.96 2899.25 2896.48 2866.75 2782.40 2866.53 
05/06/86 2901.87 2934.17 2932.75 2959.13 2957.06 2899.25 2896.47 2866.74 2782.32 2866.53 
05/07/86 2901.83 2934.36 2932.92 2959.12 2957.19 2899.24 2896.46 2866.74 2782.24 2866.52 
05/08/86 2901.82 2934.55 2933.00 2959.10 2957.25 2099.23 2096.45 2866.74 2782.16 2866.52 
05/09/86 2901.08 2934.74 2933.24 2959.09 2957.39 2099.22 2096.44 2066.74 2702.00 2066.52 
05/10/86 2901.92 2934.94 2933.50 2959.07 2957.34 2099.21 2896.43 2066.74 2782.00 2866.51 
05/11/86 2901.86 2935.13 2933.66 2959.05 2957.26 2899.21 2896.42 2866.73 2781.92 2866.51 
05/12/86 2901.83 2935.32 2933.75 2959.04 2957.26 2899.20 2896.41 2866.73 2781.84 2866.51 
05/13/86 2901.91 2935.51 2933.95 2959.02 2957.34 2899.19 2896.41 2866.73 2701.75 2866.50 
05/14/86 2901.90 2935.70 2934.13 2959.01 2957.31 2899.18 2896.40 2866.73 2781.67 2866.50 
05/15/86 2901.87 2935.90 2934.25 2958.99 2957.30 2899.18 2896.39 2866.72 2781.59 2866.50 
05/16/86 2901.82 2936.09 2934.33 2958.98 2957.29 2899.17 2896.38 2866.72 2781.51 2866.49 
05/17/86 2901.81*2936.28*2934.45*2958.96*2957.34*2899.16*2896.37*2866.72*2701.43*2866.49 
05/13/86 2901.88 2936.32 2934.66 2958.87 2957.41 2899.15 2896.34 2866.72 2781.42 2866.49 
05/19/86 2901.91 2936.35 2935.01 2958.78 2957.39 2899.15 2896.31 2866.72 2781.40 2866.40 
05/20/06 2901.93 2936.39 2935.39 2958.69 2957.35 2899.14 2896.28 2866.72 2781.39 2866.48 
05/21/86 2901.90 2936.43 2935.66 2950.60 2957.39 2899.13 2896.25 2866.71 2781.38 2866.40 
05/22/06 2901.02 2936.46 2935.76 2958.50 2957.28 2899.13 2896.22 2866.71 2781.37 2866.47 
10 WELL-11 WELL-12 WELL-13 WELL-16 WELL-17 WELL-18 
2891.91 2915.54 3028.20 2899.15 2910.63 
2891.94 2915.63 3028.2B 2899.19 2910.64 
2891.97 2915.73 3028.37 2899.24 2910.65 
2892.00 2915.83 3028.46 2899.28 2910.66 
2892.02 2915.93 3028.55 2899.33 2910.67 
2892.05 2916.02 3028.63 2899.37 2910.68 
2892.08 2916.12 3028.72 2899.42 2910.69 
2892.11*2916.22*3028.01*2899.46* 2910.70* 
2892.14 2916.33 3028.78 2899.46 2910.71 
2892.16 2916.43 3028.75 2899.46 2910.72 
2892.19 2916.54 3028.72 2899.46 2910.73 
2892.22 2916.65 3028.69 2899.47 2910.74 
2892.25 2916.76 3028.66 2899.47 2910.75 
2892.27 2916.86 3028.63 2899.47 2910.76 
2892.30 2916.97 3028.60 2899.47 2910.78 
2892.33 2917.08 3028.57 2899.47 2910.79 
2892.35 2917.18 3028.54 2899.47 2910.80 
2892.38 2917.29 3028.51 2899.47 2910.81 
2892.41 2917.40 3028.48 2899.47 2910.02 
2092.43 2917.50 3028.45 2899.48 2910.83 
2892.46 2917.61 3028.42 2899.48 2910.84* 
2892.49 2917.72 3028.39 2899.48 2953.70*2910.85 
2892.52 2917.83 3028.36 2899.40 2953.90 2910.86 
2892.54 2917.93 3028.33 2899.48*2954.09 2910.86 
2892.57*2919.04*3028.30*2899.47 2954.29 2910.07 
2892.58 2918.12 3028.24 2899.45 2954.48 2910.88 
2892.60 2918.20 3028.17 2899.44 2954.67 2910.89 
2892.61 2918.28 3028.11 2899.43 2954.87 2910.89 
2892.63 2918.36 3028.04 2899.41 2955.07 2910.90 
2892.64 2918.44 3027.98 2899.40 2955.26 2910.91 
2892.65 2910.52 3027.91 2099.39 2955.46 2910.92 
2092.67 2918.60 3027.85 2899.37 2955.65 2910.93 
2892.68 2918.68 3027.78 2899.36 2955.85 2910.93 
2892.70 2918.77 3027.72 2899.35 2956.04 2910.94 
2892.71 2918.85 3027.65 2899.33 2956.23 2910.95 
2892.73 2918.93 3027.59 2899.32 2956.43 2910.96 
2892.74 2919.01 3027.52 2099.31 2956.63 2910.96 
2892.75 2919.09 3027.46 2899.29 2956.82 2910.97 
2892.77 2919.17 3027.39 2899.28 2957.02 2910.98 
2892.78 2919.25 3027.33 2899.27 2957.21 2910.99 
2892.80 2919.33 3027.26 2899.25 2957.40 2911.00 
2892.81*2919.41*3027.20*2899.24*2957.60*2911.00 
2892.79 2919.42 3027.10 2899.24 2957.61 2911.01 
2092.78 2919.43 3027.00 2899.24 2957.62 2911.02 
2892.76 2919.43 3026.89 2899.25 2957.64 2911.03 
2892.75 2919.44 3026.79 2899.25 2957.65 2911.03 
2892.73 2919.45 3026.69 2099.2C, 2957.66 2911.04 
DATE WELL-1 WELL-EN WELL-EB WELL-3N WELL-3S WELL-4 WELL-5 WELL-6 WELL-7 WELL-8 WELL 
05/23/86 2901.81 E936.50 E935.77 2958.41 E957.B9 S899.1E 2896.19 2866.71 E781.35 E866.47 
05/24/86 2901.80 2936.54 2936.02 2958.32 E957.25 E899.ll E896.16 E866.71 E781.34 2866.47 
05/25/86 2901.82 S936.57 E936.13 S958.E3 2957.25 2899.11 2896.13 E866.71 2781.33 2866.46 
05/26/86 2901.85 2936.61 2936.38 E958.14 E957.EE E899.10 E896.10 2866.71 2781.32 2866.46 
05/27/86 2901.86 2936.65 2936.56 2958.05 2957.12 2899.09 2896.07 2866.70 2781.30 2866.46 
05/28/86 2901.84 2936.68 2936.63 2957.96 2957.05 2899.09 2896.04 2866.70 £781.29 E866.45 
05/E9/86 E901.80 E936.7E E936.70 E957.87 S956.97 E899.08 E896.01 2866.70 E781.28 E866.45 
05/30/86 E901.80 E936.76 2936.73 E957.77 2956.90 2899.07 2895.98 2866.70 E781.E6 2866.45 
05/31/86 2901.78 2936.79 2936.83 2957.68 2956.79 2899.07 2895.95 2866.70 2781.25 2866.44 
06/01/86 2901.76 E936.83 E936.87 E957.59 B956.71 E899.06 E895.92 2866.70 E781.E4 E866.44 
06/0E/86 2901.74 2936.87 2936.93 2957.50 2956.59 B899.05 E895.89 2866.70 2781.23 2866.44 
06/03/86 2901.70 E936.90 2936.93 2957.41 2956.44 E899.05 E895.85 E866.69 E781.21 2866.43 
06/04/86 2901.70 2936.94 2936.82 E957.3S 2956.44 E899.04 E895.8E S866.69 E781.E0 2866.43 
06/05/86 2901.69 2936.98 E936.97 E957.E3 E956.3E E899.03 2895.79 E866.69 2781.19 2866.43 
06/06/86 E901.67 E937.01 E937.03 E957.14 E956.16 2899.03 E895.76 S866.69 2781.IB E866.4E 
06/07/86 E901.65 2937.05 2937.03 E957.04 E956.09 £899.OS £895.73 EB66.69 £781.16 £866.4E 
06/08/86 2901.63 2937.09 B937.03 E956.95 E955.95 E899.01 E895.70 2866.69 2781.15 2866.42 
06/09/86 2901.60 2937.12 2937.02 2956.86 2955.81 2899.01 2895.67 2866.69 2781.14 2866.41 
06/10/B6 2901.58 2937.16 2937.00 2956.77 2955.73 2899.00 2895.64 2866.68 2781.12 EB66.41 
06/11/86 E901.60 £937.20 E937.04 E956.68 E955.59 E89B.99 £895.61 £866.68 E781.ll 2866.41 
06/12/86 2901.60 2937.23 2937.10 2956.59 2955.46 2898.99 2895.58 2866.68 2781.10 2866.40 
06/13/86 2901.59 2937.27 2937.12 2956.50 2955.34 2898.98 2895.55 E866.68 £781.09 2866.40 
06/14/86 2901.60 2937.31 2937.09 2956.41 2955-22 2898.97 2895.52 2866.68 2781.07 2866.40 
06/15/86 2901.59 2937.34 E937.16 2956.31 E955.09 E898.97 2895.49 E866.68 £781.06 E866.39 
06/16/86 £901,58 E937.3B £937.08 £956.22 2954.96 2898.96 2895.46 2866.67 2781.05 2866.39 
06/17/86 E901.60 £937.42 2937.05 £956.13 £954.86 £898.95 2895.43 £866.67 2781.04 2866.39 
06/18/86 E901.60 E937.45 £937.04 £956.04 £954.75 2898.95 2895.40 £866.67 £781.OE 2866.38 
06/19/86 2901.60*2937.49*2936.83*2955.95*2954.64*£09B.94*E095.37*£066.67*£701.01*£066.30 
06/E0/86 £901.57 2937.47 2936.75 2955.84 E954.55 £898.94 £895.35 £866.67 £780.95 £866.38 
06/21/86 £901.54 E937.44 £936.73 2955.72 2954.41 2898.93 2895.33 £866.67 2780.88 2866.37 
06/22/86 2901.55 2937.42 2936.69 2955.61 2954.29 2898.93 2895.32 2866.66 2780.B2 2866.37 
06/23/86 2901.58 2937.39 2936.69 2955.50 2954.19 2898.92 2895.30 2866.66 2780.76 2866.37 
06/24/86 2901.59 2937.37 2936.72 2955.38 2954.06 2898.92 2895.28 2866.66 2780.70 2866.36 
06/25/86 2901.59 2937.34 2936.73 2955.27 2953.92 2898.91 2895.26 2866.66 2780.63 2866.36 
06/26/86 E901.5B £937.3E £936.70 2955.15 2953.74 2898.91 2895.25 2866.65 2780.57 2866.36 
06/27/86 2901.56 2937.29 2936.63 £955.04 £953.61 £898.90 2895.23 2866.65 2780.51 2866.35 
06/28/86 £901.56 £937.E7 £936.60 2954.93 2953.51 2898.90 2895.21 2866.65 2780.45 2866.35 
06/E9/86 £901.55 £937.£4 £936.62 2954.81 2953.49 2898.89 2895.19 2866.65 2780.38 2866.35 
06/30/86 2901.52 2937.22 2936.57 2954.70 2953.35 2898.89 2B95.17 2866.65 E780.3S 2866.34 
07/01/86 2901.51 2937.19 2936.51 2954.59 2953.23 E898.88 £895.16 2866.64 £780.£6 £866.34 
07/0E/86 2901.53 2937.17 2936.49 2954.47 2953.11 2898.88 2895.14 2866.64 2780.19 2866.34 
07/03/86 2901.55 2937.14 8936.47 2954.36 2953.02 £898.87 2895.IE 2866.64 2780.13 2866.33 
07/04/86 2901.54 2937.12 2936.50 2954.25 2952.96 2898.87 2895.10 2866.64 2780.07 2866.33 
07/05/86 2901.45 2937.09 2936.44 2954.13 2952.75 2898.86 2895.00 2866.64 2700.01 2866.33 
07/06/86 2901.43 2937.07 2936.31 2954.02 E95E.66 2898.86 £895.07 2866.63 £779.94 2866.32 
07/07/86 2901.47 E937.04 2936.27 2953.90 2952.55 2898.85 2895.05 2866.63 2779.88 2866.32 
07/08/86 2901.49 2937.02 2936.25 2953.79 2952.46 2898.85 2895.03 2866.63 2779.82 2866.32 
10 WELL-11 WELL-12 UELL-13 WELL-16 WELL-17 WELL-18 
2892.71 2919.46 3026.59 2899.25 2957.67 2911.05 
2892.70 2919.47 3026.49 2899.25 2957.69 2911.06 
2892.60 2919.47 3026.39 2899.26 2957.70 2911.07 
2892.66 2919.48 3026.28 2899.26 2957.71 2911.07 
2892.65 2919.49 3026.18 2899.26 2957.72 2911.08 
2092.63 2919.50 3026.00 2899.26 2957.74 2911.09 
2892.62 2919.50 3025.90 2899.27 2957.75 2911.10 
2892.60 2919.51 3025.80 2899.27 2957.76 2911.10 
2892.58 2919.52 3025.77 2899.27 2957.77 2911.11 
2892.57 2919.53 3025.67 2899.27 2957.79 2911.12 
2092.55 2919.54 3025.57 2899.27 2957.80 2911.13 
2892.53 2919.54 3025.47 2899.28 2957.81 2911.14 
2892.52 2919.55 3025.37 2899.28 2957.82 2911.14 
2892.50 2919.56 3025.27 2899.28 2957.84 2911.15 
2892.49 2919.57 3025.16 2899.28 2957.85 2911.16 
2892.47 2919.58 3025.06 2899.20 2957.06 2911.17 
2892.45 2919.58 3024.96 2899.29 2957.87 2911.17 
2892.44 2919.59 3024.86 £899.29 £957.89 £911.18 
£ 8 9 2 . 4 2  2 9 1 9 . 6 0  3 0 2 4 . 7 6  2 8 9 9 . 2 9  2 9 5 7 . 9 0  2 9 1 1 . 1 9  
2892.41 2919.61 3024.65 2899.29 2957.91 2911.20 
2892.39 2919.61 3024.55 2899.30 2957.9E 2911.20 
2B92.37 2919.62 3024.45 2899.30 2957.94 2911.21 
2892,36 2919.63 3024.35 2899.30 2957.95 2911.22 
2092.34 2919.64 3024.25 2099.30 2957.96 2911.23 
2092.32 2919.65 3024.15 2899.30 2957.97 2911.£4 
£892.31 2919.65 3024.04 2899.31 2957.99 2911.24 
2892.29 2919.66 30E3.94 2899.31 2958.00 2911.25 
2092.28 £919.67*30£3.84*2899.31*2958.01*2911.26 
2892.26 £919.60 3023.65 2899.30 2958.03 2911.27 
2892.24 2919.53 3023.46 2899.30 2958.04 2911.27 
2892.23 2919.46 3023.26 2899.29 2958.06 2911.28 
2892.21 2919.40 3023.07 2899.29 2958.07 2911.29 
2892.19 2919.33 3022.88 2899.28 2958.09 2911.30 
2892.18 2919.26 3022.69 2899.27 2958.10 2911.31 
2892.16 2919.19 3022.49 2899.27 2958.12 2911.31 
2892.15 2919.12 3022.30 2899.26 2958.13 2911.32 
2892.13 2919.05 3022.11 2899.25 2958.15 2911.33 
2892.11 2918.98 3021.92 2899.25 2958.16 2911.34 
2892.10 2918.91 3021.73 2899.24 2958.18 2911.34 
2892.08 2918.85 3021.53 2899.24 2958.19 2911.35 
2892.07 2918.78 3021.34 2899.23 2958.21 2911.36 
2892.05 2918.71 3021.15 2899.22 2958.22 2911.37 
2892.03 2918.64 3020.96 2899.22 2958.24 2911.38 
2892.02 2918.57 3020.76 2899.21 2958.25 2911.38 
2892.00 2918.50 3020.57 2899.20 2958.27 2911.34 
2891.98 2918.43 3020.38 2899.2o 2958.28 2911.4m 
2891.97 2918.36 3020.19 2899.19 2958.30 2911.41 
DATE WELL-1 WELL-EN WELL-2S WELL-3N WELL-3S WELL-4 WELL-5 WELL-6 WELL-7 WELL-8 WELL-10 WELL-11 WELL-IE WELL-13 WELL-16 WELL-17 WELL-18 
07/09/86 E901.50 E936.99 £936.£4 S953.6S £952.43 £898.84 £895.01 S866.63 2779.76 E866.31 2891.95 2918.30 3019.99 2899.19 2958.31 2911.41 
07/10/86 2901.50 2936.97 2936.E3 E953.56 E95E.36 £898.84 E895.00 £866.6E £779.69 £866.31 £891.94 £918.23 3019.80 2899.18 2958.33 2911.42 
07/11/86 £901.51*2936.94*£936.21*2953.45*£95£.£7*£898.83*£B94.98 E866.62 2779.63*2866.31 2891.92 2918.16 3019.61*2899.17 2958.34*2911.43* 
07/12/86 £901.48 E936.86 2936.19 £953.32 £95£.14 £898.83 £894.96*£866.6£*£779.59 2866.30 2891.90 2918.09 3019.45 2899.17 2958.36 2911.43 
07/13/86 £901.48 2936.78 2936.1£ £953.19 £952.02 2898.8£ £894.92 £866.61 2779.56 2866.30 2891.89 2918.02*3019.29 2899.16*2958.38 2911.43 
07/14/86 £901.46 2936.70 2936.04 2953.05 £951.93 £898.82 2894.88 2866.61 2779.52 £866.30 £891.87 £917.97 3019.14 2899.15 2958.40 2911.43 
07/15/86 2901.45 £936.62 2936.01 £952.92 £951.81 2898.82 2894.84 2866.60 2779.48 2866.29 2891.86 2917.92 3018.98 2899.14 2958.42 2911.43 
07/16/86 2901.44 £936.54 £935.97 2958.79 £951.71 £898.81 2894.79 2866.60 2779.45 2866.29 £891.84 2917.87 3018.82 2899.13 2958.44 2911.43 
07/17/86 2901.41 2936.46 2935.89 2952.66 £951.59 2898.81 2894.75 2866.59 2779.41 2866.29 2891.82 2917.82 3018.66 2899.12 2958.46 2911.43 
07/18/86 £901.36 £936.38 £935.81 £95£.53 2951.48 2898.81 2894.71 2866.59 £779.37 £866.28 £891.81 2917.77 3018.50 2899.10 2958.47 2911.43 
07/19/86 2901.33 £936.30 £935.71 £952.39 £951.36 £898.80 2894.67 2866.58 2779.34 2866.28 2891.79 2917.72 3018.34 2899.09 2958.49 2911.43 
07/20/86 £901.35 £936.££ £935.65 £952.26 2951.29 2898.80 2894.63 2866.57 2779.30 2866.28 2891.77 2917.67 3018.19 2899.08 2958.51 2911.43 
07/21/86 2901.40 2936.14 2935.63 2952.13 2951.21 2898.80 2894.59 2866.57 £779.26 2866.27 2891.76 2917.62 3018.03 2899.07 2958.53 2911.43 
07/22/86 2901.41 2936.06 2935.65 2952.00 2951.09 2898.79 2894.54 2866.56 2779.23 2866.27 £891.74 2917.57 3017.87 2899.06 2958.55 2911.43 
07/23/86 £901.38 £935.98 £935.58 £951.87 2950.95 2898.79 2894.50 2866.56 2779.19 2866.27 2891.73 2917.52 3017.71 2899.05 2958.57 2911.43 
07/24/86 2901.37 2935.91 2935.46 2951.74 2950.84 2898.79 2894.46 2866.55 £779.15 2866.26 2891.71 2917.47 3017.55 2899.04 2958.59 2911.43 
07/25/86 2901.38 2935.83 2935.41 2951.60 2950.72 2898.78 2894.4£ £866.55 £779.11 2866.26 2891.69 2917.43 3017.39 2899.03 2958.61 2911.43 
07/26/86 2901.36 2935.75 £935.33 £951.47 £950.62 £898.78 £894.38 £866.54 £779.08 2866.26 2891.68 2917.38 3017.24 2899.01 2958.63 2911.43 
07/27/86 2901.33 2935.67 2935.27 2951.34 2950.49 2898.78 2894.34 2866.53 2779.04 2866.25 2891.66 2917.33 3017.08 2899.00 2958.65 2911.43 
07/28/86 2901.32 £935.59 2935.18 2951.21 £950.37 £898.77 2894.29 2866.53 2779.00 2866.25 2891.64 2917.28 3016.92 2898.99 2958.67 2911.43 
07/29/86 2901.30 2935.51 2935.11 2951.08 2950.19 £898.77 2894.25 £866.52 2778.97 2866.25 2891.63 2917.23 3016.76 2898.98 2958.69 2911.43 
07/30/86 2901.23*2935.43 2934.95 2950.94 2950.09 £B98.77 2894.21 2866.52 2778.93 2866.24 2901.13*2891.61 2917.18 3016.60 2898.97*2958.71 2911.43 
07/31/86 2901.20 2935.35 2934.84 2950.81 2949.97 2898.76 2894.17*2866.51 2778.89 2866.24 2901.08 2891.60 2917.13 3016.45 2898.97 2958.73 2911.43 
08/01/86 2901.23 2935.27 2934.76 2950.68 £949.84 £898.76 2894.15 2866.51 2778.86 2866.24 2901.11 2891.58 2917.08 3016.29 2898.96 2958.74 2911.42 
08/02/86 2901.24 2935.19 £934.68 £950.55 2949.71 2898.76 2894.13 2866.50*2778.82*2866.23 2901.11 2891.56 2917.03 3016.13 2898.96 2958.76 2911.42 
08/03/86 2901.24 2935.11 2934.60 2950.42 2949.56 2898.75 2894.11 £866.50 2778.78 2866.23*2901.12 2891.55 £916.98 3015.97 2898.95 2958.78 2911.42 
08/04/86 £901.£4 £935.03 £934.52 2950.28 2949.43 2898.75 2894.09 2866.50 2778.74 2866.23 2901.09 2891.53 2916.93 3015.81 2898.95 2958.80 2911.42 
08/05/86 2901.23 2934.95 2934.43 2950.15 2949.29 2898.75 2894.07 2866.50 2778.69 2866.23 2901.11 2891.52 £916,88 3015.65 £898.94 2958.82 2911.42 
08/06/86 2901.22 2934.87*2934.4£*2950.0£*2949.17*£898.74 2894.05 2866.50 2778.65 2866.22 2901.13*2891.50 2916.83*3015.50 2898.94 2958.84 2911.42 
08/07/86 £901.£0 £934.81 £933.75 £949.9£ £948.96 2898.74*2894.03 2866.50 2778.61 2866.22 £901.12 £891.48 £916.82 3015.34 2898.93 2958.86 2911.42 
08/08/86 2901.20 2934.74 2933.85 £949.81 2948.85 2898.72 2894.01 2866.49 2778.57 2866.22 2901.11 2891.47 2916.81 3015.18 2898.93 2958.88 2911.42 
08/09/86 2901.20 2934.68 2933.88 2949.71 2948.69 2898.71 2893.99 2866.49 2778.53 2866.22 2901.10 2891.45 2916.79 3015.02 2898.92 2958.90 2911.42 
08/10/86 2901.20 2934.62 2933.83 2949.61 2948.58 2898.69 2893.97 2866.49 2778.48 2866.22 2901.09 2891.43 2916.78 3014.86 2898.92 2958.92 2911.42 
08/11/86 2901.20 2934.55 2933.82 2949.51 2948.45 2898.68 2893.95 2866.49 2778.44 2866.22 2901.08 2891.42 2916.77 3014.70 2898.92 2958.94 2911.42 
08/12/86 2901.18 2934.49 2933.73 2949.40 2948.28 2898.66 2893.93 2866.49 2778.40 2866.21 2901.07 2891,40 2916.76 3014.55 2890.91 2958.96 2911.42 
08/13/86 £901.17 2934.42 2933.63 2949.30 2948.16 2898.65 2893.91 2866.49 2778.36 2866.21 2901.05 2891.39 2916.74 3014.39 2898.91 2958.98 2911.42 
08/14/86 2901.18 2934.36 2933.59 2949.20 2948.07 2898.63 2893.89 2866.49 2778.31 2866.21 2901.04 2891.37 2916.73 3014.23 2898.90 2959.00 2911.42 
08/15/86 2901.20 2934.30 2933.54 2949.09 2947.93 2898.62 2893.87 2866.49 2778.27 2866.21 2901.03 2891.35 2916.72 3014.07 2898.90 2959.01 2911.42 
08/16/86 2901.16 2934.23 2933.44 2948.99 2947.76 2898.60 2893.85 2866.49 2778.23 2866.21 2901.02 2B91.34 2916.71 3013.91 2898.89 2959.03 2911.42 
08/17/86 2901.12 2934.17 2933.34 2948.89 2947.61 2898.59 2893.83 2866.49 2778.19 2866.21 2901.01 2891.32 2916.69 3013.75 2898.89 2959.05 2911.42 
08/18/86 2901.10 2934.11 2933.23 2948.79 2947.49 2898.57 2893.81 2866.49 2778.15 2866.20 2901.00 2891.30 2916.68 3013.60 2898.88 2959.07 2911.42 
08/19/86 2901.08 2934.04 2933.10 2948.68 2947.36 2898.55 2893.79 2866.48 2778.10 2866.20 2900.99 2891.29 2916.67 3013.44 2898.88 2959.09 2911.42 
08/20/86 2901.07 2933.98 2932.98 2948.58 2947.23 2898.54 2893.77 2866.48 2778.06 2866.20*2900.98 2891.27 2916.66 3013.28*2898.88 2959.11 2911.42* 
08/21/86 2901.05 2933.91 2932.91 2948.48 2947.11 2898.52 2893.75 2866.48 2778.02*2866.20 2900.97 2891.26 2916.65 3013.17 2898.87 2959.13*2911.42 
08/22/86 2901.04 2933.85 2932.81 2948.37 2947.05 2898.51 2893.73 2866.48 2778.09 2866.21 2900.96 2891.24*2916.63 3013.07 2898.87 2959.14 2911.41 
08/23/86 2901.06 2933.79 2932.77 2948.27 2946.96 2898.49 2893.71 2866.48 277B.15 2866.21 2900.95 2891.26 2916.62 3012.96 2898.86 2959.14 2911.41 
08 /24 /86  2901 .08  2933 .72  2932 .73  2948 .17  2946 .85  2898 .48  2893 .69  2866 .48  2778 .22  2866 .21  2900 .94  2891 .28  2916 .61  3012 .86  2898 .86  2959 .15  2911 . 4 0  
DATE WELL-1 WELL-2N WELL-2S WELL-3N MELL-3S UELL-4 WELL-5 WELL-6 WELL-7 WELL-8 WELL-10 WELL-11 WELL-12 WELL-13 WELL-16 WELL-17 WELL-18 
08/25/86 2901.05 2933.66 2932.62 2948.07 2946.72 2898.46 2893.67 2866.48 2778.29 2866.21 2900.93 2891,30 2916.60 3012.75 2898.85 2959.15 2911.40 
08/26/86 2901.01 2933.60 2932.48 2947.96 2946.59 2898.45 2893.65 2866.48 2778.35 2866.22 2900.92 2891.32 2916.58 3012.65 2898.85 2959.16 2911.39 
09/27/86 2901.01 2933.53 2932.37 2947.86 2946.51 2898.43 2893.63 2866.48 2778.42 2866.22 2900.90 2891.34 2916.57 3012.54 2898.84 2959.16 2911.39 
08/28/86 2901.03 2933.47 2932.30 2947.76 2946.46 2898.41 2893.61 2866.48 2778.49 2866.22 2900.89 2891.36 2916,56 3012.44 2898.84 2959.17 2911.39 
08/29/86 2901.06 2933.40 2932.24 2947.65 2946.32 2898.40 2893.59 2866.48 2778.55 2866.23 2900.88 2891.38 2916.55 3012.33 2898.83 2959.17 2911.38 
08/30/86 2901.04 2933.34 2932.14 2947.55 2946.21 2898.38 2893.57 2866.48 2778.62 2866.23 2900.87 2391.40 2916.54 3012.23 2898.83 2959.18 2911.38 
08/31/86 2901.00 2933.28 2932.01 2947.45 2946.15 2898.37 2893.55 2866.47 2778.69 2866.23 2900.86 2891.42 2916.52 3012.12 2898.83 2959.18 2911.37 
09/01/86 2901.00 2933.21 2931.91 2947.35 2946.12 2898.35 2893.53 2866.47 277B.75 2866.23 2900.85 2891.44 2916.51 3012.02 2898.82 2959.19 2911.37 
09/02/86 2901.00 2933.15 2931.85 2947.24 2946.07 2898.34 2893.51 2866.47 2778.82 2866.24 2900.84 2891.46 2916.50 3011.91 2898.82 2959.19 2911.36 
09/03/86 2901.00 2933.09 2931.77 2947.14 2945.96 2898.32 2893.49 2866.47 2778.89 2866.24 2900.83 2891.48 2916.49 3011.81 2898.81 2959.20 2911.36 
09/04/86 2901.00 2933.02 2931.66 2947.04 2945.90 2898.31 2893.47 2866.47 2778.95 2866.24 2900.82 2891.51 2916.47 3011.70 2898.81 2959.20 2911.36 
09/05/86 2901.00 2932.96 2931.58 2946.93 2945.73 2898.29 2893.45 2866.47 2779.02 2866.25 2900.81 2891.53 2916.46 3011.60 2898.80 2959.21 2911.35 
09/06/86 2901.00 2932.89 2931.50 2946.83 2945.70 2898.28 2893.43 2866.47 2779.09 2866.25 2900.80 2891.55 2916.45 3011.49 2898.80 2959.21 2911.35 
09/07/86 2901.00 2932.83 2931.36 2946.73 2945.67 2898.26 2893.41 2866.47 2779.15 2866.25 2900.79 2891.57 2916.44 3011.39 2898.79 2959.22 2911.34 
09/08/86 2901.00 2932.77 2931.31 2946.63 2945.62 2898.24 2893.39 2866.47 2779.22 2866.25 2900.78 2891.59 2916.42 3011.28 2898.79 2959.22 2911.34 
09/09/86 2901.00 2932.70 2931.24 2946.52 2945.59 2898.23 2893.37 2866.47 2779.29 2866.26 2900.76 2891.61 2916.41 3011.18 2898.78 2959.23 2911.33 
09/10/86 2900.98*2932.64*2931.13*2946.42*2945.56*2898.21 2893.35 2866.47 2779.35 2866.26*2900.75 2891.63 2916.40*3011.07*2898.78*2959.23*2911.33* 
09/11/86 2900.95 2932.49 2931.10 2946.34 2945.46 2898.20 2893.33 2866.46 2779.42 2866.25 2900.74 2891.65 2916.35 3010.99 2898.77 2959.24 2911.33 
09/12/86 2900.90 2932.34 2930.94 2946.26 2945.38 2898.18 2893.31 2866.46 2779.49 2866.25 2900.73 2891.67 2916.31 3010.91 2898.75 2959.24 2911.33 
09/13/86 2900.91 2932.19 2930.85 2946.18 2945.31 2898.17 2893.29 2866.46 2779.55 2866.24 2900.72 2891.69 2916.26 3010.83 2898.74 2959.25 2911.33 
09/14/86 2900.90 2932.05 2930.76 2946.10 2945.23 2898.15 2893.27 2866.46 2779.62 2866.23 2900.71 2891.71 2916.22 3010.75 2898.73 2959.25 2911.33 
09/15/86 2900.90 2931.90 2930.69 2946.02 2945.18 2898.14 2893.25*2866.46 2779.69 2866.23 2900.7* 2891.73 2916.17 3010.67 2898.71 2959.26 2911.33 
09/16/86 2900.89 2931.75 2930.62 2945.94 2945.06 2898.12*2893.11 2866.46*2779.75 2866.22 2900.67 2891.75*2916.13 3010.59 2898.70 2959.26 2911.33 
09/17/86 2900.12 2931.60 2930.55 2945.86 2945.01 2898.13 2892.97 2866.46 2779.82 2866.21 2899.58 2891.74 2916.08 3010.51 2898.69 2959.27 2911.33 
09/18/86 2899.91 2931.45 2930.22 2945.78 2944.91 289B.15 2892.82 2866.45 2779.89 2866.21 2899.39 2891.73 2916.04 3010.44 2898.68 2959.28 2911.33 
09/19/86 2899.90 2931.30 2930.OB 2945.69 2944.86 2898.16 2892.68*2866.45 2779.95 2866.20 2899.3* 2891.72 2915.99 3010.36 2898.66 2959.28 2911.32 
09/20/86 2900.49 2931.15 2930.00 2945.61 2944.77 2898.17 2892.75 2866.45 2780.02 2866.19 2900.24 2891.71 2915.95 3010.28 2898.65 2959.29 2911.32 
09/21/86 2900.58 2931.00 2929.93 2945.53 2944.69 2B98.1B 2892.82 2866.45 2780.09 2866.18 2900.35 2891.70 2915.90 3010.20 2898.64 2959.29 2911.32 
09/22/86 2900.64 2930.86 2929.86 2945.45 2944.62 2898.20 2892.89 2866.44 2780.15 2866.18 2900.41 2891.69 2915.86 3010.12 2898.62 2959.30 2911.32 
09/23/86 2900.78 2930.71 2929.87 2945.37 2944.65 2898.21 2892.96 2866.44 2780.22 2866.17 2900.53 2891.68 2915.81 3010.04 2898.61 2959.30 2911.32 
09/24/86 2900.85 2930.56 2929.88 2945.29 2944.54 2898.22 2893.03 2866.44 2780.29 2866.16 2900.61 2891.67 2915.77 3009.96 2898.60 2959.31 2911.32 
09/25/86 2900.83 2930.41 2929.85 2945.21 2944.42 2898.24 2893.10 2866.43 2780.35 2866.16 2900.60 2891.66 2915.72 3009.88 2898.58 2959.31 2911.32 
09/26/86 2900.79*2930.26*2929.80*2945.13*2944.33*2898.25 2893.17*2866.43*2780.42*2866.15*2900.53*2891.64 2915.68 3009.80*2898.57*2959.32*2911.32* 
09/27/86 2900.75 2930.19 2929.72 2945.04 2944.22 2898.26 2893.16 2866.43 2780.45 2866.15 2891.63 2915.63 3009.73 2898.57 2959.31 2911.32 
09/28/86 2900.73 2930.11 2929.61 2944.95 2944.11 2898.27 2893.16 2866.43 2780.49 2866.15 2891.62 2915.59 3009.66 2898.56 2959.30 2911.32 
09/29/86 2900.72 2930.04 2929.50 2944.86 2944.04 2898.29 2893.15 2866.43 2780.52 2B66.15 2891.61 2915.54 3009.60 2898.56 2959.29 2911.32 
09/30/86 2900.73 2929.96 2929.45 2944.77 2943.96 2898.30 2893.15 2866.43 2780.55 2866.15 2891.60 2915.50 3009.53 2898.55 2959.28 2911.32 
10/01/86 2900.73 2929.89 2929.39 2944.67 2943.86 2898.31 2893.14 2866.43 2780.59 2866.15 2891.59 2915.45 3009.46 2898.55 2959.27 2911.3? 
10/02/86 2900.72 2929.81 2929.33 2944.58 2943.76 2898.33 2893.13 2866.43 2780.62 2866.15 2891.58 2915.40 3009.39 2898.54 2959.26 2911.32 
10/03/86 2900.72 2929.74 2929.26 2944.49 2943.65 2898.34 2893.13 2866.42 2780.65 2866.16 2891.57 2915.36 3009.32 2898.54 2959.25 2911.31 
10/04/86 2900.70 2929.66 2929.17 2944.40 2943.55 2898.35 2893.12 2866.42 2780.69 2866.16 2891.56 2915.31 3009.25 2898.53 2959.24 2911.31 
10/05/86 2900.69 2929.59 2929.07 2944.31 2943.46 2898.36 2893.11 2866.42 2780.72 2866.16 2891.55 2915.27 3009.19 2898.53 2959.23 2911.31 
10/06/86 2900.69 2929.52 2929.03 2944.22 2943.39 2898.38 2893.11 2866.42 2780.75 2866.16 2891.54 2915.22 3009.12 2898.52 2959.22 2911.31 
10/07/86 2900.70 2929.44 2929.03 2944.13 2943.32 2898.39 2893.10 2866.42 2780.79 2866.16 2891.53 2915.18 3009.05 2898.52 2959.20 2911.31 
10/08/86 2900.70 2929.37 2928.99 2944.04 2943.19 2898.40 2893.10 2866.42 2780.82 2866.16 2891.52 2915.13 3003.98 2898.51 2959.19 2911.31 
10/09/86 2900.69 2929.29 2928.89 2943.95 2943.12 2898.42 2893.09 2866.42 2780.06 2866.16 2891.51 2915.09 300B.91 2398.51 2959.18 2911.31 

















































































































































































































































































































































-5 WELL-6 WELL-7 WELL-8 WELL-
08 2866.42 2780.92 2866.16 
07 2866.42 2780.96 2866.16 
07 2866.42 2780.99 2866.16 
06 2866.42 2781.02 2866.16 
05 2866.42 2781.06 2866.16 
05 2866.41 2781.09 2866.17 
04 2866.41 2791.12 2966.17 
03 2866.41 2781.16 2866.17 
03 2866.41 2791.19 2966.17 
02 2866.41 2781.22 2866.17 
02 2866.41 2781.26 2866.17 
01*2866.41*2781.29*2866.17* 
00 2866.42 2781.32 2866.18 
99 2866.43 2781.35 2866.19 
98 2866.44 2781.38 2866.20 
97 2866.45 2781.41 2866.21 
96 2866.46 2781.44 2966.22 
95 2866.46 2781.47 2866.23 
94 2866.47 2781.50 2866.24 
93 2866.48 2781.53*2866.25 
92 2866.49 2781.53 2866.26 
91 2866.50 2781.54 2866.27 
90 2866.51 2781.54 2866.27 
89 2866.52 2781.55 2866.28 
88 2866.53 2781.55 2866.29 
87 2866.54 2781.56 2866.30 
86 2866.55 2791.56 2866.31 
84 2866.55 2781.57 2866.32 
83 2866.56 2781.57 2966.33 
82 2866.57 2781.57 2866.34 
81 2866.58 2781.58 2866.35 
80 2866.59 2781.58 2866.36 
79 2866.60 2781.59 2866.37 
78 2866.61 2781.59 2866.38 
77 2866.62 2781.60 2866.39 
76 2866.63 2781.60 2866.40 
75 2866.64 2781.61 2866.41 
74 2966.64 2791.61 2966.42 
73 2866.65 2781.62 2866.43 
72 2866.66 2781.62 2866.44 
71 2866.67 2781.62 2866.45 
70 2866.60 2781.63 2866.46 
69*2866.69*2781.63 2866.46 
69 2866.70 2781.64 2866.47 
69 2866.71 2781.64 2066.48 
69 2866.72 2781.65 2866.49 


































































































































































































































































































1 . 2 2  
1. 2 1  
DATE WELL-1 WELL-EN HELL-ES WELL-3N WELL-3S HELL-4 WELL-5 WELL-6 WELL-? WELL-8 WELL 
11/27/86 2900.54 2924.76 2924.95 2940.40 2939.78 2899.08 2892.69 2866.73 2781.66 2B66.51 
11/28/86 2900.48 2925.13*2924.88 2940.35*2939.75 2899.10*2892.69 2866.74*2781.66*2866.52 
11/29/86 2900.44 2925.16 2924.73 2940.32 2939.66 2899.09 2892.69 2866.74 2781.67 2866.53 
11/30/86 2900.52 2925.18 2924.61 2940.29 2939.59 2899.09 2892.69 2866.73 2781.69 2866.54 
12/01/86 2900.49 2925.21 2924.61*2940.26 2939.65 2899.08 2892.69 2866.73 2781.70 2866.55 
12/02/86 2900.47 2925.23 2924.53 2940.22 2939.52 2899.07 2892.69 2866.73 2781.71 2866.56 
12/03/86 2900.51 2925.26 2924.44 2940.19 2939.48 2899.07 2892.69 2866.72 2781.73 2866.57 
12/04/86 2900.54 2925.28 2924.36 2940.16 2939.47 2899.06 2892.69 2866.72 2781.74 2866.58 
12/05/86 2900.48 2925.31 2924.27 2940.13 2939.45 2899.05 2892.69 2866.72 2781.75 2866.59 
12/06/86 2900.50 2925.33 2924.19 2940.10 2939.36 2899.05 2892.69 2866.71 2781.76 2866.60 
12/07/86 2900.43 2925.36 2924.11 2940.07 2939.36 2899.04 2892.68 2866.71 2781.78 2866.61 
12/08/86 2900.44 2925.38 2924.02 2940.04 2939.28 2899.03 2892.68 2866.71 2781.79 2866.62 
12/09/86 2900.45 2925.41 2923.94 2940.01 2939.22 2899.03 2892.68 2866.70 2781.80 2866.63 
12/10/B6 2900.50 2925.43 2923.85 2939.97 2939.20 2899.02 2892.68 2866.70 2781.B2 2866.64 
12/11/86 2900.50 2925.46 2923.77 2939.94 2939.19 2899.01 2892.68 2866.70 2781.03 2866.65 
12/12/86 2900.50 2925.40 2923.60 2939.91 2939.19 2099.01 2092.68 2866.69 2781.84 2866.65 
12/13/06 2900.46*2925.51 2923.6* 2939.08 2939.15 2899.00 2892.60 2866.69 27B1.86 2866.66 
12/14/86 2900.46 2925.53 2923.51 2939.05 2939.09 2890.99 2892.68 2866.69 2781.87 2866.67 
12/15/86 2900.45 2925.56 2923.41 2939.82 2939.07 2898.99 2892.68 2866.68 2781.80 2066.68 
12/16/06 2900.36 2925.58 2923.32 2939.79 2939.07 2898.98 2892.68 2866.60 2701.09 2866.69 
12/17/86 2900.36 2925.61 2923.22 2939.76 2939.07 2898.97 2892.68 2866.60 2701.91 2066.70 
12/18/86 2900.36 2925.63 2923.13 2939.72 2939.01 2898.97 2892.68 2866.67 2781.92 2866.71 
12/19/06 2900.34 2925.66 2923.03 2939.69 2939.05 2090.96 2892.68 2866.67 2781.93 2866.72 
12/20/86 2900.37 2925.68 2922.94 2939.66 2939.05 289B.95 2892.60 2866.67 2781.95 2866.73 
12/21/86 2900.39*2925.71*2922.84 2939.63*2939.05*2898.95 2892.68*2866.66 2781.96*2066.74* 
12/22/86 2900.43 2925.59 2922.81 2939.55 2939.07 2890.94 2092.67 2866.66 2781.97 2866.73 
12/23/86 2900.40 2925.46 2922.68 2939.47 2939.01 2898.93 2892.66 2866.66 2781.99 2866.72 
12/24/86 2900.40 2925.34 2922.63 2939.40 2939.01 2898.93 2892.66 2866.65 2782.00 2866.70 
12/25/86 2900.37 2925.21 2922.51 2939.32 2938.98 2898.92 2892.65 2866.65 2782.01 2866.69 
12/26/86 2900.36 2925.09 2922.42 2939.24 2938.96 2898.91 2892.64 2866.64 2782.02 2866.68 
12/27/86 2900.36 2924.97 2922.35 2939.16 2930.94 2098.91 2892.63 2866.64 2782.04 2866.67 
12/28/86 2900.33 2924.84 2922.24*2939.00 2930.09 2898.90 2892.63 2866.64 2782.05 2866.65 
12/29/86 2900.39 2924.72 2922.17 2939.01 2938.93 2898.89 2892.62 2866.63 2782.06 2866.64 
12/30/86 2900.34 2924.59 2922.10 2938.93 2938.88 2898.88 2892.61 2066.63 2782.07 2866.63 
12/31/86 2900.37 2924.47 2922.03 2938.05 2930.09 2898.88 2892.60 2866.63 2782.09 2866.62 
01/01/87 2900.45 2924.35 2921.96 2938.77 2938.96 2890.07 2092.60 2066.62 2702.10 2866.61 
01/02/87 2900.32 2924.22 2921.89 2938.69 2938.81 2898.B6 2892.59 2866.62 2782.11 2866.59 
01/03/87 2900.43 2924.10 2921.82 2938.62 2938.92 2898.86 2892.58 2866.62 2782.12 2866.58 
01/04/87 2900.38 2923.97 2921.75 2930.54 2930.06 2898.85 2892.57 2866.61 2782.14 2866.57 
01/05/87 2900.34 2923.85 2921.60 2930.46 2938.81 2898.84 2892.56 2866.61 2782.15 2866.56 
01/06/87 2900.27 2923.72 2921.61 2938.38 2938.76 2898.84 2892.56 2866.61 2782.16 2866.54 
01/07/87 2900.23 2923.60 2921.54 2938.30 2938.74 2898.83 2892.55 2866.60 2782.18 2866.53 
01/08/87 2900.22 2923.48 2921.47 2938.23 2938.71 2898.82 2892.54 2866.60 2782.19 2866.52 
01/09/87 2900.20 2923.35 2921.40 2938.15 2938.69 2898.82 2892.53 2866.60 27B2.20 2866.51 
01/10/07 2900.22 2923.23 2921.33 2938.07 2938.71 2898.81 2892.53 2866.59 2782.21 2866.50 
01/11/87 2900.24 2923.10 2921.26 2937.99 2938.74 2898.80 2892.52 2866.59 2782.23 2866.48 
01/12/87 2900.27 2922.98 2921.19 2937.91 2930.75 2098.80 2892.51 2866.59 2782.24 2866.47 
10 WELL-11 HELL-12 WELL-13 WELL-16 WELL-17 WELL-18 
2890.91 2912.98 3006.17 2898.25 2958 .67 2911.21 
2890.90*2912.94*3006.12*2898.24*2958.66 2911.21* 
2890.90 2912.88 3006.10 2898.24 2958.65 2911.21 
2890.91 2912.82 3006.08 2898.23 2958.64 2911.20 
2890.91 2912.77 3006.06 2898.23 2958.63 2911.20 
2890.91 2912.71 3006.04 2898.23 2958.62 2911.19 
2890.91 2912.65 3006.02 2898.23 2958.61 2911.19 
2890.92 2912.59 3006.00 2898.22 2958.60 2911.18 
2890.92 2912.54 3005.98 2898.22 2958.59 2911.18 
2890.92 2912.48 3005.96 2898.22 2958.58 2911.18 
2890.92 2912.42 3005.94 2898.22 2958.57 2911.17 
2890.93 2912.36 3005.92 2098.21 2950.56 2911.17 
2890.93 2912.30 3005.90 2898.21 2958.55 2911.16 
2890.93 2912.25 3005.88 2898.21 2958.54 2911.16 
2890.93 2912.19 3005.86 2898.21 2958.52 2911.15 
2890.94 2912.13 3005.84 2898.20 2958.51 2911.15 
2890.94 2912.07 3005.B2 2898.20 2958.50 2911.14 
2890.94 2912.01 3005.80 2898.20 2958.49 2911.14 
2890.94 2911.96 3005.78 2898.20 2958.48 2911.14 
2890.95 2911.90 3005.76 2090.19 2958.47 2911.13 
2090.95 2911.84 3005.74 2898.19 2958.46 2911.13 
2890.95 2911.78 3005.72 2898.19 2958.45 2911.12 
2890.95 2911.73 3005.70 2898.19 2958.44 2911.12 
2890.96 2911.67 3005.6B 2898.18 2958.43 2911.11 
2890.96*2911.61*3005.66*2898.18*2958.42*2911.11* 
2890.96 2911.58 3005.65 2898.18 2958.42 2911.11 
2890.95 2911.55 3005.63 289B.18 2958.42 2911.10 
2890.95 2911.52 3005.62 2898.18 2958.42 2911.10 
2890.94 2911.49 3005.60 2898.18 2958.41 2911.10 
2890.94 2911.46 3005.59 2898.18 2958.41 2911.09 
2890.93 2911.43 3005.57 2898.18 2958.41 2911.09 
2890.93 2911.40 3005.56 2898.18 2958.41 2911.09 
2890.92 2911.37 3005.54 2898.18 2958.41 2911.08 
2890.92 2911.33 3005.53 2898.18 2958.41 2911.08 
2890.91 2911.30 3005.51 2898.18 2958.41 2911.08 
2890.91 2911.27 3005.50 2898.18 2958.40 2911.07 
2890.91 2911.24 3005.49 2898.18 2958.40 2911.07 
2890.90 2911.21 3005.47 2898.18 2958.40 2911.07 
2890.90 2911.18 3005.46 2898.18 2958.40 2911.06 
2890.89 2911.15 3005.44 2098.18 2958.40 2911.06 
2890.89 2911.12 3005.43 2898.18 2958.40 2911.06 
2890.88 2911.09 3005.41 2898.18 2958.40 2911.05 
2890.88 2911.06 3005.40 2898 .17 2958.39 2911.05 
2890.87 2911.03 3005.38 2898.17 2958.39 2911.04 
2890.87 2911.00 3005.37 2898.17 2958.39 2911.04 
2890.86 2910.97 3005.35 2898.17 2958.39 2911.o4 
2890.86 2910.94 3005.34 2898 .17 2958.39 2911.03 
HELL_2S «ELL"3N WELL-3S WELL-4 WELL-5 WELL-6 WELL-7 WELL-6 WELL-10 WELL-11 WELL-12 WELL-13 WELL-16 WELL-17 WELL-18 
01/13(87 2900.28*2922.86 2921.12 2937.84 2938.68 2898.79 2892.50 2866.58 2782.25 2866.46 2890.85 2910.91 3005.32 2898.17 2958.39 2911.03 
01/14/87 2900.28 2922.73 2921.03 2937.76 2938.64 2898.78 2892.49 2866.58 2782.26 2866.45 2890.85 2910.88 3005.31 2898.17 2958.39 2911.03 
01/15/87 2900.18 2922.61 2920.9* 2937.68 2938.55 2898.78 2892.49 2866.58 2782.28 2866.43 2890.85 2910.85 3005.30 2898.17 2958.38 2911.02 
01/16/87 2900.20 2922.48 2920.84 2937.60 2938.58 2898.77 2892.48 2866.57 2782.29 2866.42 2890.84 2910.82 3005.28 2898.17 2958.38 2911.02 
01/17/87 2900.25 2922.36 2920.79 2937.52 2938.58 2898.76 2892.47 2866.57 2782.30 2866.41 2890.84 2910.78 3005.27 2898.17 2958.38 2911.02 
01/18/87 2900.15 2922.24 2920.73 2937.45 2938.53 2898.76 2892.46 2866.57 2782.31 2866.40 2890.83 2910.75 3005.25 2898.17 2958.38 2911.01 
01/19/87 2900.20 2922.11 2920.68 2927.37 2938.56 2898.75 2892.46 2866.56 2782.33 2866.38 2890.83 2910.72 3005.24 2898.17 2958.38 2911.01 
01/20/87 2900.21*2921.99 2920.62*2937.29*2938.55*2898.74 C592.45 2866.56*2782.34*2866.37 2890.82 2910.69 3005.22 2898.17 2958.38 2911.01 
01/21/87 2900.15 2921.86 2920.52 2937.36 2938.49 2898.74 2892.44 2866.55 2782.36 2866.36 2890.82 2910.66 3005.21 2898.17 2958.38 2911.00 
01/22/87 2900.23 2921.74 2920.50 2937.43 2938.50 2898.73 2892.43 2866.54 2782.38 2866.35 2890.81 2910.63 3005.19 2898.17 2958.37 2911.00 
01/23/87 2900.22 2921.62 2920.49 2937.50 2938.53 2898.72 2892.43 2866.52 2782.41 2866.34 2890.81 2910.60 3005.18 2898.17 2958.37 2911.00 
01/24/87 2900.18 2921.49 2920.42 2937.57 2938.50 2898.72 2892.42 2866.51 2782.43 2866.32 2890.80 2910.57 3005.16 2898.17 2958.37 2910.99 
01/25/87 2900.17*2921.37 2920.40 2937.63 2938.41 2898.71*2892.41*2866.50 2782.45 2866.31 2890.80*2910.54*3005.15*2898.17*2950.37 2910.99* 
01/26/07 2900.15 2921.24 2920.34 2937.70 2930.40 2098.69 2892.40 2866.49 2702.47 2866.30 2090.79 2910.49 3005.99 2098.16 2958.37 2910.99 
01/27/07 2900.20 2921.12 2920.32 2937.77 2930.41 2090.60 2092.40 2066.47 2702.49 2066.29 2090.79 2910.44 3006.03 2098.16 2958.37 2910.99 
01/28/87 2900.25 2920.99 2920.32 2937.04 2938.43 2898.66 2892.39 2866.46 2782.52 2866.27 2890.78 2910.39 3007.67 2898.15 2958.37 2910.99 
01/29/87 2900.11 2920 . 8 7  2920.06 2937.91 2938.31 2898.65 2892.30 2066.45 2702.54 2066.26 2890.78 2910.34 3008.50 2898.14 2958.36 2910.99 
01/30/87 2900.17 2920.75 2920.05 2937.98 2938.35 2898.63 2892.37 2866.44 2782.56 2866.25 2890.77 2910.30 3009.34 2898.13 2958.36 2910.99 
01/31/87 2900.15 2920.62 2920.00 2938.05 2938.32 2898.62 2892.37 2866.42 2782.58 2866.24 2890.77 2910.25 3010.18 2898.13 2958.36 2910.99 
02/01/87 2900.22*2920.50 2920.00 2938.12 2938.37 2898.60 2892.36 2866.41 2782.61 2866.23 2890.76 2910.20 3011.02 2698.12 2958.36 2910.99 
02/02/87 2900.12 2920.37 2919.09 2938.19 2938.28 2898.59 2892.35 2866.40 2782.63 2866.21 2890.75 2910.15 3011.86 2898.11 2958.36 2910.99 
02/03/87 2900.08 2920.25 2919.80 2938.26 2938.21 2898.57 2892.35 2866.39 2782.65 2866.20 2890.75 2910.10 3012.70 2898.11 2958.36 2910.99 
02/04/87 2900.01 2920.13 2919.70 2938.32 2938.12 2898.56 2892.34 2866.38 2782.67 2866.19 2890.74 2910.05 3013.54 2898.10 2958.36 2910.99 
02/05/87 2899.98 2920.00 2919.62 2938.39 2938.08 2898.54 2892.33 2866.36 2782.69 2866.18 2890.74 2910.00 3014.37 2898.09 2958.35 2910.98 
02/06/87 2900.00 2919.88 2919.60 2938.46 2938.07 2898.53 2892.32 2866.35 2782.72 2866.16 2890.73 2909.95 3015.21 2898.08 2958.35 2910.98 
02/07/87 2900.05 2919.75 2919.58 2938.53 2938.06 2898.51 2892.32 2866.34 2782.74 2866.15 2890.73 2909.90 3016.05 2898.08 2958.35 2910.98 
02/08/87 2900.08*2919.63*2919.55 2938.6* 2938.04 2898.50 2892.31 2866.33 2782.76*2866.14* 2890.72 2909.86 3016.89*2898.07* 2958.35 2910.98 
02/09/87 2900.09 2919.61 2919.52 2938.61 2938.01 2898.48 2892.30 2866.31 2782.78 2866.14 2890.71 2909,81 3016.75 2898.06 2958.35 2910.98 
02/10/87 2900.07 2919.59 2919.48 2938.63 2937.95 2898.47 2892.30 2866.30 2782.80 2866.13 2890.71 2909.76 3016.60 2898.06 2958.35 2910.98 
02/11/87 2900.02 2919.57 2919.38 2938.64 2937.87 2898.45 2892.29 2866.29 2782.82 2866.13 2890.70 2909 . 7 1  3016.46 2898.05 2958.35 2910.98 
02/12/87 2900.01 2919.55 2919.32 2938.65 2937.82 2898.44 2892.28 2866.28 2782.85 2866.12 2890.70 2909.66 3016.32 2898.04 2958.34 2910.98 
02/13/87 2900.12 2919.53 2919.37 2938.67 2937.85 2898.42 2892.27 2866.26 2782.87 2866.12 2890.69 2909.61 3016.18 2898.03 2958.34 2910.98 
02/14/87 2900.01 2919.51 2919.25 2938.68 2937.70 2898.41 2892.27 2866.25 2782.89 2866 . 1 1  2890.69 2909.56 3016.03 2898.03 2958.34 2910.98 
02/15/87 2900.04*2919.49 2919.20*2938.69 2937.60*2898.39*2892.26*2866.24*2782.91*2866.11 2899.53*2890.68*2909.51 3015.89*2898.02 2958.34 2910.98* 
02/16/87 2899.90 2919.47 2919.00 2938.71 2937.47 2898.38 2892.27 2866.25 2782.92 2866.11 2899.52 2890.68 2909.46 3015.55 2098.01 2958.34 2910.98 
02/17/87 2899.99 2919.44 2919.05 2938.72 2937.42 2898.38 2892.28 2866.25 2782.93 2866.10 2899.51 2390.67 2909.41 3015.20 2898.nl 2958.34 2910.98 
02/18/87 2899.95 2919.42 2919.03 2938.73 2937.37 2898.37 2892.29 2866.26 2782.94 2866.10 2899.50 2890.67 2909.37 3014.86 2898. 0 0  2958.34 2910.97 
02/19/87 2899.91 2919.40 2918.97 2938.75 2937.28 2898.36 2892.30 2866.27 2782.95 2866.09 2899.48 2890.66 2909.32 3014.52 2897.99 2958.33 2910.97 
02/20/87 2899.91 2919.38 2918.94 2938.76 2937.26 2898.35 2892.31 2866.28 2782.96 2866.09 2899.47 2890.66 2909.27 3014.17 2 0 9 7 . 9 0  2950.33 2910.97 
02/21/87 2B99.98 2919.36 2918.94 2930.77 2937.21 289B.35 2892.32 2866.28 2782.97 2B66.0B 2899.46 2890.65 2909.22 3013.83 289-7.98 2958.33 2910.97 
02/22/87 2900.06*2919.34 2918.96 2938.79 2937.20 2898.34 2892.34 2866.29*2782.9B*2866.08*2899.45*2890.65 2909.17*3013.48 2897.9? 2958.33 2910.96 
02/23/87 2900.01 2919.32 2918.91 2938.BO 2937.11 2898.33 2892.35 2866.28 2782.99 2866.07 2899.44 2890.65 2909.22 3013.14 2097.96 2958.33 2 9 1 0 .96 
02/24/87 2899.98 2919.30 2918.83 2938.81 2937.06 2898.33 2892.36 2866.27 2783.00 2866.06 2899.43 2890.64 2909.28 3012.80 2897.96 2958.33 2910.96 
02/25/87 2899.97 2919.28 2918.75 2938.83 2936.97 2898.32 2892.37 2866.26 2783.01 2866.05 2899.42 2890.64 2909.33 3012.45 2897.95 2958.33 2910.96 
02/26/87 2899.94 2919.26 291B.71 2938.84 2936.90 2898.31 2892.38 2866.24 2783.03 2866.03 2899.40 2890.63 2909.39 3012.11 2897.94 2958.32 2910.95 
02/27/87 2899.96 2919.24 2918.69 2938.06 2936.87 2090.30 2092.39 2866.23 2703.04 2066.02 2899.39 2890.63 2909.44 3011 . 7 7  2897.73 2958.32 2 9 1 0 .95 
02/28/87 2899.92 2919.22 2918.64 293B.87 2936.79 2898.30 2892.40 2366.22 2783.05 2866.01 2899.38 2890.62 2909.50 3011.42 2097.93 2958.32 2910.95 
DATE WELL-1 WELL-2N WELL-2S WELL-3N WELL-3S WELL-4 WELL-5 WELL-6 WELL-7 WELL-8 WELL-10 WELL-11 WELL-12 WELL-13 WELL-16 WELL-17 WELL-18 
03/01/87 2899.97*2919.20 2918.63 2938.88 2936.78 2898.29 2892.41 2866.21*2783.06*2866.00*2899.37*2890.62*2909.55*3011.08 28".92 2958.32 2910.95 
03/02/87 2899.94 2919.18 2918.61 2938.90 2936.74 2898.28 2892.42 2866.22 2783.09 2866.01 2899.38 2890.63 2909.56 3010.74 289?.91 2958.32 2910.94 
03/03/87 2899.90 2919.16 2918.58 2938.91 2936.81 2898.28 2892.43 2866.22 2783.11 2866.01 2B99.40 2890.63 2909.56 3010.39 2897.91 2958.32 2910.94 
03/04/87 2899.92 2919.14 2918.58 2938.92 2937.06 2898.27 2892.44 2866.23 2783.13 2866.02 2899.41 2890.64 2909.57 3010.05 2897.90 2958.32 2910.94 
03/05/87 2900.01 2919.12 2918.65 2938.94 2937.51 2898.26 2892.45 2866.23 2783.16 2866.03 2899.43 2890.64 2909.58 3009.71 2897.89 2958.31 2910.94 
03/06/87 2900.00 2919.10 2918.65 2938.95 2937.67 2898.25 2892.46 2866.24 2783.19 2866.03 2899.44 2890.65 2909.58 3009.36 2897.88 2958.31 2910.93 
03/07/87 2899.98 2919.07 2918.63 2938.96 2937.73 2898.25 2892.47 2866.24 2783.21 2866.04 2899.46 2890.65 2909.59 3009.02 2897.83 2958.31 2910.93 
03/08/87 2900.01 2919.05 2918.65 2938.98 2937.86 2898.24 2892.49 2866.25 2783.24 2866.05 2899.47 2890.66 2909.60 3008.67 2897.87 2958.31 2910.93 
03/09/87 2900.02 2919.03 2918.68 2938.99 2937.88 2898.23 2892.50 2866.25 2783.26 2866.05 2899.48 2890.67 2909.60 3008.33 2897.86 2958.31 2910.92 
03/10/87 2900.05 2919.01 2918.68 2939.00 2937.91 2898.23 2892.51 2866.26 2783.29 2866.06 2899.50 2890.67 2909.61 3007.99 2897.86 2958.31 2910.92 
03/11/87 2900.05 2918.99 2918.70 2939.02 2937.94 2898.22 2892.52 2B66.26 2783.31 2866.06 2899.51 2890.68 2909.61 3007.64 2897.85 2958.31 2910.92 
03/12/87 2900.06 2918.97 2918.68 2939.03 293B.03 2898.21 2892.53 2866.27 2783.34 2866.07 2899.53 2890.68 2909.62 3007.30 2897.84 2958.30 2910.92 
03/13/87 2900.13 2918.95 2918.75 2939.04 2938.15 2898.20 2892.54 2866.27 2783.36 2866.08 2899.54 2890.69 2909.63 3006.96 2897.83 2958.30 2910.92 
03/14/87 2900.10 2918.93 2918.76 2939.06 2938.26 2898.20 2892.55 2866.28 2783.38 2866.08 2899.56 2890.69 2909.63 3006.61 2897.83 2958.30 2910.91 
03/15/87 2900.11 2918.91*2918.85*2939.07*2938.35*2898.19*2892.56*2866.28*2783.41*2866.09*2899.57*2890.70*2909.64*3006.27*2897.82*2958.3* 2910.91* 
03/16/87 2900.08 2918.96 2918.90 2939.38 2938.39 2898.19 2892.58 2866.28 2783.44 2866.11 2899.58 2890.69 2909.71 3006.29 2897.82 2958.30 2910.91 
03/17/87 2900.10 2919.02 2918.96 2939.69 2938.59 2898.20 2892.60 2866.28 2783.47 2866.12 2899.59 2890.69 2909.79 3006.30 2897.31 2958.30 2910.91 
03/18/87 2900.18 2919.07 2919.03 2940.00 2938.82 2898.20 2892.62 2866.28 2783.50 2866.14 2899.60 2890.68 2909.86 3006.32 2897.81 2958.31 2910.91 
03/19/87 2900.14 2919.13 2919.03 2940.31 2938.96 2898.20 2892.63 2866.28 2783.53 2866.16 2899.61 2B<?0.68 2909.93 3006.34 2897.81 2958.31 2910.91 
03/20/87 2900.10 2919.18 2919.01 2940.61 2939.11 2898.20 2892.65 2866.28 2783.56 2866.18 2899.62 2890.67 2910.00 3006.36 2897.80 2958.31 2910.91 
03/21/87 2900.12 2919.24 2919.05 2940.92 2939.39 2898.21 2892.67 2866.28 2783.59 2B66.19 2899.63 2890.67 2910.08 3006.37 2897.80 2958.31 2910.91 
03/22/87 2900.12*2919.29 2919.20 2941.23 2939.74 2898.21*2892.69 2866.28*2783.62*2866.21*2899.64*2890.66 2910.15*3006.39*2897.80 2958.32 2910.91 
03/23/B7 2900.14 2919.35 2919.33 2941.54 2940.01 2898.24 2892.71 2B66.28 2783.65 2866.20 2899.66 2890.66 2910.21 3006.41 2897.79 2958.32 2910.91 
03/24/87 2900.13 2919.40 2919.38 2941.85 2940.21 2898.26 2892.73 2866.28 2783.67 2866.19 2899.69 2890.65 2910.26 3006.44 2897.79 2958.32 2910.92 
03/25/87 2900.19 2919.45 2919.50 2942.16 2940.55 2898.29 2892.74 2866.28 2783.70 2866.18 2899.71 2890.64 2910.32 3006.46 2897.79 2958.32 2910.92 
03/26/87 2900.20 2919.51 2919.59 2942.47 2940.89 2898.31 2892.76 2866.28 2783.73 2866.17 2899.73 2890.64 2910.38 3006.48 2897.78 2958.33 2910.92 
03/27/87 2900.17 2919.56 2919.61 2942.78 2941.11 2898.34 2892.78 2866.28 2783.76 2866.16 2899.75 2890.63 2910.44 3006.50 2897.78 2958.33 2910.92 
03/28/87 2900.13 2919.62 2919.58 2943.09 2941.39 2898.36 2892.80 2866.29 2783.78 2866.16 2899.78 2890.63 2910.49 3006.53 2897.78 2958.33 2910.92 
03/29/87 2900.19 2919.67 2919.67 2943.39 2941.81 2898.39 2892.82 2866.29 2783.81 2866.15 2899.80 2890.62 2910.55 3006.55 2897.77 2958.33 2910.92 
03/30/87 2900.23 2919.73 2919.76 2943.70 2942.20 2898.41 2892.84 2866.29 2783.84 2866.14 2899.82 2890.62 2910.61 3006.57 2897.77 2958.33 2910.92 
03/31/87 2900.27 2919.78 2919.82 2944.01 2942.65 2898.44 2892.85 2866.29 2783.87 2866.13 2899.84 2890.61 2910.67 3006.59 2897.77 2958.34 2910.92 
04/01/87 2900.21 2919.84 2919.78 2944.32 2943.03 2898.46 2892.87 2866.29 2783.89 2866.12 2899.87 2890.61 2910.72 3006.62 2897.76 2958.34 2910.92 
04/02/B7 2900.31 2919.89*2919.86*2944.63*2943.61*2898.49*2892.89*2866.29*2783.92*2866.11*2899.89*2890.60*2910.78*3006.64*2897.76*2958.34 2910.92* 
04/03/87 2900.43*2919.93 2919.92 2945.04 2944.19 2898.51 2892.90 2866.29 2783.94 2866.11 2899.91 2890.60 2910.82 3006.68 2897.77 2958.34 2910 . 9 1  
04/04/87 2900.41 2919.98 2920.03 2945.45 2944.49 2898.53 2892.92 2866.29 2783.96 2866.11 2899.93 2890.61 2910.86 3006.72 2897.78 2958.35 2910.91 
04/05/87 2900.40 2920.02 2920.01 2945.85 2944.89 2898.56 2892.93 2866.29 2783.97 2866.11 2899.94 2890.61 2910.90 3006.77 2897.79 2958.35 2910.90 
04/06/87 2900.38 2920.07 2920.01 2946.26 2945.34 2898.58 2892.94 2866.29 2783.99 2866.11 2899.95 2890.62 2910.94 3006.81 2897.80 2958.35 2910.89 
04/07/87 2900 .37 2920.11 2920.02 2946.67 2945.89 2898.60 2892.95 2866.30 2784.01 2866.12 2899.97 2890.62 2910.97 3006.85 2897.81 2958.35 2910.89 
04/08/87 2900.46 2920.16 2920.04 2947.08 2946.45 2898.62 2892.97 2866.30 2784.03 2866.12 2899.99 2890.62 2911.01 3006.89 2897.82 2958.35 2910.88 
04/09/87 2900.40 2920.20 2920.11 2947.49 2947.04 2898.64 2892.98 2866.30 2784.04 2866.12 2900.00 2090.63 2911.05 3006.93 2897.83 2958.36 2910.87 
04/10/87 2900.44 2920.25 2920.12 2947.90 2947.67 2898.66 2892.99 2866.30 2704.06 2066.12 2900.02 2090.63 2911.09 3006.97 2097.84 2958.36 2910.B7 
04/11/87 2900.50 2920.29 2920.28 2948.30 2948.09 2898.69 2893.01 2866.30 2784.00 2866.12 2900.03 2890.64 2911.13 3007.02 2897.84 2958.36 2910.86 
04/12/87 2900.45 2920.34 2920.23 2948.71 2948.43 2898.71 2893.02 2866.30 2784.10 2866.12 2900.05 2890.64 2911.17 3007.06 2897.85 2958.36 2910.86 
04/13/87 2900.42 2920.38 2920.22 2949.12 2948.74 2898.73 2893.03 2866.30 2784.11 2866.12 2900.06 2890.65 2911.21 3007.10 2B97.86 2958.37 2910.05 
04/14/87 2900.50 2920.43 2920.25 2949.53 2949.07 2898.75 2893.04 2066.30 2704.13 2866.12 2900.08 2890.65 2911.25 3007.14 289-?.87 2958.37 2910.04 
04/15/B7 2900.52 2920.47 2920.34 2949.94 2949.29 2898.77 2893.06 2866.31 2784.15 2866.12 2900.10 2890.65 2911.28 3007.18 2897.88 2958.37 2910.84 
04/16/87 2900.55 2920.52 2920.35 2950.35 2949.53 2893.79 2893.07 2866.31 2784.17 2866.13 2900.11 2890.66 2911.32 3007.22 2897.89 2958.37 2910.83 
DATE WELL-1 WELL-2N WELL-2S WELL-3N WELL-3S WELL-4 WELL-5 WELL-6 WELL-7 WELL-8 WELL-10 WELL-11 WELL-IE WELL-13 WELL-16 WELL-17 WELL-18 
04/17/87 2900.60 2920.56 2920.43 2950.75 2949.77 2898.82 2893.08 2866.31 2784.18 2866.13 2900.13 2890.66 2911.36 3007.27 2897.90 2958.38 2910.82 
04/18/87 2900.60 2920.61 2920.43 2951.16 2949.96 2898.84 2893.09 2866.31 2784.20 2866.13 E900.14 2890.67 2911.40 3007.31 2897.91 2958.38 2910.82 
04/19/87 2900.51*2920.65*2920.38*2951.57*2950.10*2898.86 2893.11 2866.31*2784.22*2866.13 2900.16*2890.67 2911.44*3007.35*2897.92*2958.38*2910.81* 
04/20/87 2900.49 2920.66 2920.36 2951.76 2950.35 2898.88*2893.12*2866.32 2784.EE E866.13*E900.18 2890.67 2911.43 3007.49 2897.93 2950.32 2910.83 
04/21/87 2900.56 2920.67 2920.44 2951.94 2950.67 2898.88 2893.13 2866.32 2784.21 2866.13 2900.20 2890.68 2911.41 3007.62 E897.93 2958.26 2910.84 
04/22/87 2900.62 2920.67 2920.53 2952.13 2950.97 2898.88 2893.14 2866.33 2784.21 2866.13 E900.22 2890.60 E911.40 3007.76 E897.94 2958.20 2910.86 
04/23/87 2900.64 2920.6B 2920.57 2952.32 2951.22 2898.88 2893.15 2866.33 2784.20 2866.14 2900.24 2890.69 2911.38 3007.89 2897.94 2958.14 2910.88 
04/24/87 2900.65 2920.69 2920.58 2952.50 2951.44 2898.88 2893.16 2866.34 2784.20 2866.14 2900.26 2890.69 2911.37 3008.03 E897.95 2958.08 2910.89 
04/25/87 E900.6E 2920.70 2920.58 2952.69 2951.64 2898.88 2893.17 E866.34 £784.E0 E866.14 2900.28 2890.70 2911.36 3008.16 2097.96 2950.02 2910.91 
04/26/87 2900.63 2920.70 2920.55 2952.88 2951.81 2898.89 2893.17 2866.35 2784.19 E866.14 2900.30 2890.70 £911.34 3000.30 £897.96 2957.96 2910.93 
04/27/87 2900.67 2920.71 2920.61 2953.06 2952.04 2898.89 2893.18 2866.35 2784.19 2866.14 2900.32 2890.70 2911.33 3008.43 2897.97 2957.90 2910.94 
04/28/87 2900.72 2920.72 2920.69 2953.25 2952.24 2898.89 2893.19 2866.36 2784.18 2B66.14 2900.34 2890.71 2911.31 3008.57 2897.97 2957.84 2910.96 
04/29/87 2900.75 2920.73 2920.73 2953.44 2952.33 E898.89 2893.20 2866.36 2784.18 2866.15 2900.36 2890.71 2911.30 3008.70 2897.98 2957.78 2910.98 
04/30/87 2900.79 2920.73 2920.78 2953.62 2952.49 2898.89 2893.21 2866.37 2784.17 2866.15 2900.38 2890.72 2911.28 3008.84 2897.98 2957.72 2910.99 
05/01/87 2900.70 2920.74*2920.74 2953.81*2952.49 2898.89*2893.22*2866.37*2784.17*2866.15*2900.40*2890.72*2911.27*3008.97*2897.99*2957.66 2911.01* 
05/02/87 2900.64 2920.74 2920.73 2953.82 2952.52 2898.88 2893.22 2866.37 2784.03 2866.15 2900.40 2890.72 £911.31 3009.10 2898.00 2957.60 2911.01 
05/03/87 2900.60 2920.74 2920.68 2953.83 2952.55 2898.87 2893.21 2866.37 2783.88 2866.15 2900.39 2890.72 2911.35 3009.24 £898.00 £957.54 £911.01 
05/04/87 2900.62 2920.74 2920.68 E953.84 2952.66 2898.87 2893.21 2866.37 2783.74 2866.16 2900.39 2890.72 2911.39 3009.37 £898.00 £957.48 £911.01 
05/05/87 £900.61 2920.74 2920.70 2953.85 2952.72 2898.86 2893.20 2866.37 2783.59 2866.16 2900.39 2890.72 2911.42 3009.51 2898.01 2957.41 2911.01 
05/06/87 2900.62 2920.74 2920.71 2953.86 2952.79 2898.85 2893.£0 2866.38 2783.45 2866.16 2900.39 2890.73 2911.46 3009.64 E898.0E 2957.35 2911.02 
05/07/87 2900.67 2920.74 2920.73 2953.87 2952.88 2898.84 2893.20 2866.38 £783.31 £866.16 £900.38 £890.73 £911.50 3009.78 E898.0E £957.29 2911.02 
05/08/87 2900.71 2920.74 2920.7B 2953.8B 2952.95 2898.83 2893.19 2866.38 2783.16 2866.16 2900.38 2890.73 2911.54 3009.91 £998.0£ £957.£3 £911.OE 
05/09/87 2900.75 2920.74 2920.81 2953.89 295E.99 2898.82 2893.19 2866.38 2783.02 2866.16 2900.38 2890.73 2911.58 3010.05 2898.03 £957.17 £911.02 
05/10/87 2900.72 2920.75 2920.81 2953.90 2952.97 2B98.82 2893.19 2866.38 2782.88 2866.17 2900.38 E890.73 £911.6E 3010.18 E898.04 2957.11 2911.02 
05/11/87 2900.73 2920.75 2920.77 2953.90 2952.97 2898.81 2893.18 2866.38 E78E.73 E866.17 E900.37 £890.73 £911.65 3010.31 E898.04 2957.05 2911.02 
05/12/87 2900.76 2920.75 2920.83 2953.91 2952.98 2898.80 2893.18 2866.38 2782.59 2866.17 2900.37 E890.73 £911.69 3010.45 E090.O5 E956.99 £911.OS 
05/13/87 £900.70 E9E0.75 2920.77 2953.92 2952.91 2898.79 £893.17 2866.38 2782.44 2866.17 2900.37 2890.73 2911.73 3010.58 2898.05 2956.93 2911.02 
05/14/87 2900.68 2920.75 2920.75 2953.93 2952.90 2898.78 2893.17 2866.38 2782.30 2866.17 2900.36 2890.73 2911.77 3010.72 2090.06 2956.07 2911.02 
05/15/87 2900.66 2920.75 2920.75 2953.94 2952.90 2898.77 2893.17 2866.39 E70S.16 S066.17 £900.36 £090.74 S9I1.81 3010.85 £090.06 2956.81 2911.03 
05/16/07 2900.62 2920.75 2920.75 2953.95 2952.08 2898.77 2893.16 2866.39 2782.01 2866.18 2900.36 2890.74 2911.05 3010.99 2090.07 2956.75 2911.03 
05/17/87 2900.64 2920.75 2920.74 2953.96 2952.86 2898.76 2893.16 2866.39 2781.87 2866.18 2900.36 2890.74 2911.00 3011.12 2090.07 2956.69 2911.03 
05/18/87 2900.66 2920.75 2920.79 2953.97 2952.87 2890.75 2893.15 E866.39 £781.7£ £866.10 £900.35 £090.74 £911.9E 3011.£6 2890.00 2956.63 2911.03 
05/19/87 2900.67*2920.75*2920.78*2953.98*2952.80*2898.74*2893.15*2866.39*2781.58*2866.18*2900.35*2890.74*2911.96*3011.39*2890.00*2956.57*2911.03* 
APPENDIX C — WATER QUALITY DATA 
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OHHHHKtHHIHIIHHtHHHHHHtHtHlfHtHHIIIIHIIHIHOIHHHHHH 
SULLIVAN FLATS WATER QUALITY -—HELLS—- (UNITS = •g/I) 
HilHttlHHdHHHIHiHHHIHHHtltHIHIHHtHHtHIHHHHtHHtnHHtt 




SAMPLE ID DATE TEHP pH COND 
HI-377 9-21-85 —9.0 100 
H1-417-QH 9-23-85 14.5 8.5 178 
H1-7-86-1 7-30-86 14.5 7.9 323 
H1-7-86-2 7-30-86 14.5 7.9 318 
HC03 HCD3 
pH MEAS CALC TDS CI 
8.2 189.9 191.6 279 2.50 
8.3 198.8 196.0 292 2.40 
8.0 183.5 188.4 269 2.35 
8.0 183.5 188.4 269 2.33 
S04 Ca Hg 
6.9 30.0 11.6 
7.1 26.5 10.4 
5.3 28.5 12.1 
5.7 28.5 12.1 





























6 . 6  
6 . 0  
6.5 















































CI S04 Ca 
3.30 260.0 59.B 
3.30 235.0 53.4 
3.30 233.0 52.7 









HELL 13 (S I  N) CROHHELL CREEK (24N.23H.09 BADB) 































156.5 155.2 277 
152.0 151.7 275 





































8 6  1 1 . 0  
8 6  1 1 . 0  
B6 10 .8  
B7 7.2 




































































18 .0  
18 .0  
19.8 
Hg 
10 .6  
10; 4 
10.6  




1 1 . 0  
11.3 





















1 8 . 8  
19.6 
20.2 




As Cd Cu Fe Pb Hq Zn Mn 





„  . . .  . . .  0 i 0 i |  
- — 0.05 — — 
- — 0.04 — — 
As Cd Cu Fe Pb Hq Zn Mn 
K Sl04 <.005<.005\.02 <.05 <.02<.001<.02 s.02 
6.4 44.6 — — — 0.12 0.06 0.03 
7.5 46.4 — — — — 0.07 0.10 
6.6 46.6 — — — 0.05 0.07 — 
6.9 48.2 — — - — 0.06 — 
6.3 48.4 — - - 0.06 — 
7.2 51.5 — — — — 0.08 — 
7.2 50.3 0.07 — 
6.6 47.4 — — — — 0.06 — 
As Cd Cu Fe Pb Hg Zn fln 
K S)04 <.005<.005(.02 <.05 <.02<.001<.02 <.02 
2.6 35.3 — — — — — — 
2.3 34.6 — — — 0.08 — — 
2.3 32.3 — — - — — 
2.0 32.0 — — — — — — 
2.5 35.2 — — — — — ---
2.5 35.6 — — — — — — 
As Cd Cu Fe Pb Hg Zn Mn 
K S104 <.005<.005<.02 <.05 <.02<.001<.02 <.02 
3.0 38.1 -  - — — 0.02 
3.2 38.7 — — — — — — 
3.5 39.5 — — — — — — 
3.0 38.6 — — — 0.08 — — 
2.9 41.6 — — — — — — 
3.0 40.6 — — — — — — 
3.3 37.2 —- — --- 0.63 --- 0.03 
3.3 37.3 — — — 0.63 — 0.03 
SULLIVAN FLATS WATER QUALITY -—WELLS-— (UNITS - »g/l) 


















TEMP pH COND 
85 12.3 8.5 
85 14.3 8.7 
86 12.0 7.3 
86 14.5 7.8 
86 14.5 7.8 







pH MEAS CALC TDS CI 
8.3 289.2 297.3 467 6.70 
8.5 498.4 508.3 757 16.40 
8.3 235.6 239.8 363 6.54 
B.O 447.8 470.6 688 15.00 
8.0 442.5 467.9 682 14.80 




















WELL 16 SULLIVAN SPRING (24N.24W.24 DDBB) 
FIELD P-METERS HCQ3 HC03 
SAMPLE ID DATE TEMP pH COND pH MEAS CALC TDS CI 
W6-291 9-13-85 8.4 338.4 341.3 512 6.80 
W6-320 9-13-85 12.5 8.6 175 8.2 183.2 180.2 299 2.40 
W6-2-86 2-16-86 10.0 7.1 239 8.0 181.7 180.1298 3.14 
W6-4-86 4-27-86 13.0 7.8 240 8.1182.8 182.8 298 3.19 
W6-B-B61 8-3-86 14.0 7.9 325 8.0 181.3 182.4 296 3.16 
W6-B-862 8-4-86 14.0 7.9 330 8.0 182.8 183.7 296 3.12 
W6-4-B7 4-19-B7 10.6 B.l — 8.6 184.7 186.2 276 3.24 
Mg 
1 1 . 2  
S04 Ca 
9.1 36.1 
20.2 30.2 12.0 
20.2 28.0 12.5 
19.3 30.0 12.2 
17.3 28.3 12.4 
16.4 28.3 12.4 
17.7 29.8 12.5 
WELL 17 JACKSON FIELD (24N.24W.25 DACA) 
FIELD P-METERS HC03 HC03 
SAMPLE ID DATE TEMP pH COND pH MEAS CALC TDS CI S04 Ca Hg 
W7-10-84 10-10-84 13.0 8.2 335 8.1 196.2 — 201 2.60 13.9 30.3 12.9 
WELL 18 L0N6BRANCH (24N.24W.25 ADAD) 
FIELD P-HETERS HC03 HCD3 
SAMPLE ID DATE TEMP pH COND pH HEAS CALC TDS CI S04 Ca Hg 
WB-8-86 B-21-86 14.0 7.8 376 8.2 203.4 202.9 299 9.69 2.2 34.8 8.4 
DUPLICATE — B.3 204.5 206.4 300 9.56 2.2 34.8 8.4 
WB-4-B7 4-20-B7 18.9 7.2 — B.1 207.7 211.3 291 3.72 0.5 35.0 8.1 
WELL 110 COCA (24N.23W.16 BCBB) 
FIELD P-METERS HC03 HC03 
SAMPLE ID DATE TEHP pH COND pH HEAS CALC TDS CI S04 Ca Hg 








As Cd Cu Fe Pb 
(.005(.005(.02 <.05 <.02< 
— — — 1.35 — 
—  —  —  0 . 0 6  —  
—  —  —  0 . 2 8  —  
— — — 0.25 — 
Hg Zn Mn 
.Q0K.02 <.02 
— — 0.04 
—  —  0 . 1 1  
—  —  0 . 1 6  
— — 0.08 
— — 0.07 
Na 
71.0 
2 0 . 1  
22.0  
2 1 . 1  
21.4 
21.4 









As Cd Cu Fe Pb Hg Zn Mn 
K Si04 <.005<<005<.02 <.05 <.02<.001<.02 s.02 
5.9 33.7 .021 — — — — 0.48 
2.3 28.8 — - — — — 
2.5 27.9 — — — 0.08 — — 
2.1 27.6 — — — 0.05 
2.4 29.2 — — — — — — 
2.4 28.7 — — — — — — 
2.5 (4.0) — — — 0.35 — 0.06 
As Cd Cu Fe Pb Hg Zn Mn 
K Si04 <.005<.005<.02 <.05 <.02<.001<.02 <.02 


















Hg Zn Hn 
.001<.02 < .02  
—  — 0.22  
—  —  0 . 2 2  
—  —  0 . 2 1  
As Cd Cu Fe Pb Hg Zn Hn 
K Si04 <,005<.005<.02 <.05 <.02<.001<.02 (.02 
3.0 n/a --- --- — — --- --- --- ---
tHHHHIIHHIHitHHIHKtHHHtlHHHtHIHHHtHHHHitHiHHHIHIHH 
SULLIVAN FLATS HATER QUALITY -—HELLS—- (UNITS - »g/l) 
HltHHIIIIiHHHHHtHHiHHHiHHHttlHIHHHHHttHlil lHHiHHlHHH 
HELL t i l HCDONALD HOUSE (24N.23U.17 BABA) 
SAMPLE ID DATE TEMP pH COND pH MEAS CALC TDS CI S04 Ca Mg Na K Sx04 <.005<.005<.02 <.05 (.02<.001(.02 (.02 
W11-2-86 2-16-86 9.8 6.9 378 7.6 E63.4 260.6 512 7.78 51.9 28.4 13.3 6E.4 IE.9 7E.2 — — 0.03 — — — 
DUPLICATE — 7.4 E6E.6 E59.3 512 7.67 5E.6 28.2 13.E 62.4 IE.9 72.3 — — 0.03 — — — 
Hll-4-86 4-30-86 13.0 6.4 384 7.6 263.0 262.0 524 7.79 54.0 31.B 12.9 60.2 12.0 82.1 — — 0.03 — — — 
Hll-4-87 4-19-B7 9.7 7.5 — 7.5 266.8 269.0 517 8.25 51.6 30.2 13.2 63.4 13.7 70.0 — — 0.04 — 0.03 — 
HELL 112 MULLEN HOUSE (24N.23H.08 DADD) 
FIELD P-METERS HC03 HC03 As Cd Cu Fe Pb Hg Zn Mn 
SAMPLE ID DATE TEMP pH COND pH HEAS CALC TDS CI S04 Ca Hg Na K Si04 (.005(.005(.02 (.05 (.02<.001(.02 (.02 
W12-2-86 2-17-86 12.5 7.8 309 8.0 148.7 145.3 389 2.83 94.2 42.1 14.2 22.1 6.8 58.4 — — — — 0.03 — 
H12-4-86 4-30-86 7.0 7.2 288 8.0 147.6 144.0 383 2.98 92.0 41.9 13.8 EE.3 5.7 56.7 0.006 — — 0.05 0.21 — 
DUPLICATE 8.1 146.8 143.2 383 2.91 92.0 43.8 13.3 20.5 6.1 57.3 — — - - 0.20 — 
U12-7-86 7-13-86 13.0 — 450 8.1 146.4 142.9 386 2.73 91.7 40.4 14.3 El.9 6.5 61.8 — — — — — — 
H1E-4-B7 4-19-87 10.0 7.1 — 8.0 150.7 150.1 39E 3.01 94.5 43.7 14.0 EE.8 6.7 56.3 0.00 — - 0.16 — 
X. HELL 113 (A !• B) CARVOJAL (E5N.E3H.33 CADC) 
FIELD P-hETERS HC03 HC03 As Cd Cu Fe Pb Hg Zn Hn 
SAMPLE ID DATE TEHP pH COND pH MEAS CALC TDS CI S04 Ca Mg Na K Si04 <,005<.005<.02 (.05 <.02(.001<.02 (.02 
U13-8-86 8-20-86 9.5 5.9 755 6.5 8.9 15.2 486 2.23 302.0 67.4 25.2 21.4 7.9 50.7 — — - — 0.87 — 
H13B-7-86 7-12-86 12.5 — 322 7.0 57.6 55.2 250 2.27 75.5 11.5 7.1 27.9 6.3 57.5 — — — 2.80 0.82 0.81 
U13-4-87 4-19-87 9.4 5.6 — 6.1 10.5 11.8 438 4.24 265.3 59.8 21.7 19.6 7.4 49.7 — — — 0.06 0.80 — 
HELL 114 CALVIN BROUN (24N.23H.17 DACD) 
FIELD P-HETERS HC03 HC03 As Cd Cu Fe Pb Hg Zn Mn 
SAHPLE ID DATE TEMP pH COND pH HEAS CALC TDS CI S04 Ca Hg Na K Si04 (.005(.005(.02 (.05 (.02<.001<.02 (.02 
W14-2-86 2-17-86 10.3 7.8 E34 8.1 17E.7 171.8 300 3.49 E4.2 29.2 1E.1 18.3 E.8 36.9 — — — — — — 
H14-4-86 4-29-86 9.5 6.8 228 8.1 170.8 170.4 299 3.49 23.4 30.3 IE.2 18.E E.E 37.9 — — - — — 
U14-4-87 4-E0-87 10.0 6.9 — 8.2 174.3 170.1 308 3.33 28.1 31.9 12.E 18.1 2.7 37.4 — — — — 0.04 — 
HELL 115 HINDMILL (24N.23H.29 AABB) 
SAMPLE ID DATE TEHP pH COND pH HEAS CALC TDS CI S04 Ca Hg Na K Si04 <.005(.005(.02 (.05 (.02(.001(.OE <.0£ 
U15-2-86 2-17-86 13.0 7.9 2E5 8.2 182.4 183.5 288 2.58 5.9 26.5 IE.5 18.3 1.6 18.6 — — — — — ---
U15-4-86 4-29-86 12.0 7.6 216 8.2 186.0 185.1 268 2.58 5.8 27.8 12.2 18.0 1.5 18.4 — — — 0.06 — — 
W15-4-87 4-20-87 IE.8 7.9 — 8.2 182.9 184.6 269 2.48 6.4 28.0 12.4 17.5 1.4 18.2 
SULLIVAN FLATS HATER QUALITY -—HELLS-— (UNITS - ig/1) 
HiHHHHtHillHHHHiKHttltHOUIItHHIHItHtHIHHttllHHHHHtiHH 
HELL 118 BIG DRAH EAST (24N.22H.30 BCCC) 
FIELD P-METERS HC03 HC03 As Cd Cu Fe Pb Hq Zn Hn 
SAHPLE ID DATE TEHP pH COND pH HEAS CALC TDS CI S04 Ca Mg Na K Si04 <.005<.005(.02 <.05 <.02(.00K.02 <.02 
85Q1178 7-30-85 — 7.4 318 7.3 181.5 — 274 2.4 11.127.7 16.5 14.8 1.3 17.6 — — — — — — 
SULLIVAN FLATS HATER QUALITY -—SPRINGS-— (UNITS - »g/l) 
HHHHHHHHHtlltlHHIHHHUItll lt l l lHHtHIHHHHHHHtHlHiH 
SPRING t l SULLIVAN SPRING (24N.24H.24 
FIELD P-METERS HC03 HC03 
SAHPLE ID DATE TEMP pH COND pH HEAS CALC TDS 
SI-10-85 10-26-85 12.8 7.6 165 8.0 187.7 184.7 303 
S1-4-86 4-27-86 13.0 7.1 248 8.1 187.3 190.0 294 





SPRING 13 HARM SPRING (24N.24H.12 CDBA) 
FIELD P-METERS 
SAMPLE ID DATE TEHP pH COND 
S3-10-05 10-26-85 20.5 7.7 755 
S3-4-86 4-29-06 23.5 7.8 060 




15.0 30.0 12.4 
As Cd Cu Fe Pb Hq Zn Mn 
Mg Na K Si04 <.005<.005<.02 <.05 <.02<.001<.02 <.02 
12.1 22.2 2.2 29.3 — — — — — — 
12.1 21.6 2.0 25.4 — — — — — — 
22.5 2.3 26.1 — — — — — — 
HC03 HC03 
pH MEAS CALC TDS CI 
8.2 591.3 594.0 877 20.80 
0.2 590.9 590.9 077 21.20 
8.2 607.3 614.0 901 21.80 
S04 
As Cd Cu Fe Pb Hq Zn Mn 
Ca Hg Na K Si04 <,005<.005<.02 <.05 <.02<.001<.02 <.02 
— 12.1 3.6 212.0 7.7 29.3 — — — 0.16 — — 
— 15.0 3.9 209.0 9.9 27.3 — — — 0.06 — — 
0.5 13.3 3.6 218.0 9.2 27.9 — — — 0.10 — — 








TEMP pH COND pH 
16.0 — 915 8.1 
13.3 7.2 — 0.1 
HC03 HC03 
HEAS CALC TDS CI 
552.0 571.4 020 21.70 










TEHP pH COND pH 
12.5 — 222 7.6 
HC03 HC03 
HEAS CALC TDS CI 




1 6 . 1  
Ca 
As Cd Cu Fe Pb Hq Zn Mn 
Hg Na K Si04 <.005<.005<.02 <.05 <.02<.OOK.Q2 <.02 
3.2 199.6 8.9 18.0 — — — 0.05 — — 
3.6 207.0 8.5 16.7 — — — 0.05 — — 
As Cd Cu Fe Pb Hq Z n  Hn 
Hg Na K Si04 <.005<.005C.02 <.05 <.02<.001<.02 <.02 
3.5 16.6 8.6 71.3 0.005 — — — 0.03 ---
SULLIVAN FLATS WATER QUALITY -—SPRINGS—- (UNITS = «g/l) 






TEMP pH COND 




MEAS CALC TDS 











TEMP pH COND 
13.5 — 394 
HC03 HC03 
pH MEAS CALC TDS 











TEMP pH COND 




MEAS CALC TDS 











TEMP pH COND 




MEAS CALC TDS 





SPRING 111 MCDONALD (24N.23W.08 CDDA) 
As Cd Cu Fe Pb Hq Zn Mn 
Ca Mg Na K Si04 <.005<.005<.02 <.05 <.02<.00h.02 <.02 
15.8 4.9 24.6 9.8 50.4 — — 0.03 — — — 
As Cd Cu Fe Pb Hg Zn Mn 
Hq Na K Si04 <.005<.005<.02 <.05 <.OE(.001<.02 <.02 
7.4 57.6 3.9 29. 1 — — — — — — 
As Cd Cu Fe Pb Hq Zn Mn 
Ca Mg Na K Si04 <.005<.005\.02 <.05 <.02<.001<.02 -..02 
10.2 6.6 11.3 0.9 30.7 — — — — 0.02 — 
As Cd Cu Fe Pb Hq Zn Mn 
Ca Mg Na K Si04 <.005<.005<.02 <.05 <.02<.001<.02 s.02 
16.6 8.7 19.2 1.0 30.8 — — — — 0.03 — 
FIELD P-METERS HC03 HCQ3 As Cd Cu Fe Pb Hg Zn Mn 
SAMPLE ID DATE TEMP pH COND pH MEAS CALC TDS CI S04 Ca Mg Na K Si04 <.005<.005<.02 <.05 <.02<.001<.02 <.02 
SI 1-10-8510-26-85 8.5 6.5 245 7.8 11 1.9 109.0 396 3.30 139.0 46.8 14.4 24.7 6.3 49.5 — — — — — 
DUPLICATE 7.8 111.8 108.6 395 3.40 139.0 46.8 14.4 24.6 6.3 49.1 
SI 1-2-86 2-16-86 9.0 6.8 322 7.6 113.4 107.3 398 3.19 140.0 46.7 14.4 24.6 6.3 49.5 — — — — — — 
SI 1-4-86 4-30-86 10.5 6.3 310 7.6 1 17.9 113.2 389 3.16 130.0 44.7 14.3 24.7 5.6 48.E — — — — — — 
SI 1-4-87 4-19-87 10.0 6.9 — 7.5 115.5 1 13.0 406 3.08 143.5 48.8 15.0 24.7 6.4 49.2 — — — — 0.02 — 
SPRING 112 CARVOJAL STOQ S.W. (25N.23W.32 ADDB) 
FIELD P-METERS HC03 HC03 As Cd Cu Fe Pb Hg Zn Mn 
SAMPLE ID DATE TEMP pH COND pH MEAS CALC TDS CI S04 Ca Mg Na K Si04 <.005<.005<.02 <.05 <.02<.00K.02 (.02 
S 1 2 - 7 - 8 6  7 - 1 2 - 8 6  3 6 0  8 . 9  2 0 0 . 0  1 9 5 . 2  3 3 5  1  1  . 2 0  1  . 0  2 0 . 9  1 0 . 4  2 4 . 4  2 2 . 0  4 5 . 3  0 . 0 0 7  —  —  0 .  1 7  - - -  0 . 0 4  
SULLIVAN FLATS WATER QUALITY SPRINGS (UNITS =»g/l) 
SPRING 113 CARVOJAL STOCK N.W. <25N.23W.29 DDBD) 
SAMPLE ID DATE 
S13-7-86 7-12-86 
FIELD P-METERS 
TEMP pH COND pH 
237 7.4 
HC03 HC03 
MEAS CALC TDS CI 
138.9 135.3 217 1.74 
S04 
0.8 










1 8 . 2  
FIELD P-METERS HC03 HC03 
SAMPLE ID DATE TEMP pH COND pH 
S14-2-86 2-16-86 6.5 6.9 95 7.3 4
S14-4-86 4-30-06 8.5 6.4 87 7.3 
S14-4-87 4-19-87 8.3 7.4 — 7.2 
CI 
1.71 













TEMP pH COND 





MEAS CALC TDS CI 
41.3 40.4 177 3.37 










TEMP pH COND 




MEAS CALC TDS CI 
92.1 87.9 194 3.29 
S04 
8.5 
SPRING 117 CROMWELL (24N.23W.10 BDCA) 
SAMPLE ID DATE 
S17-10-8510-26-86 
FIELD P-METERS 
TEMP pH COND 




MEAS CALC TDS CI 
107.8 108.0 178 2.50 
S04 
5.4 
SPRING 118 BROUN (24N.23W.09 DDCC) 
Ca 
16.0 








TEMP pH COND 
8.1 7.6 145 
9.0 6.8 198 
S18-4-87 4-20-87 16.0 7.5 — 
HC03 HC03 
pH MEAS CALC TDS CI S04 Ca 
7.9 158.8 161.4 247 3.70 3.9 26.4 
7.9 163.7 166.7 245 3.29 — 28.0 



































As Cd Cu Fe 
K Si04 <.005<.005<.02 <.05 
1.9 32.2 — — — 0.18 
Pb Hq Zn Mn 
<.02<.00K.02 <.02 
— 0.25 
As Cd Cu Fe Pb Hg Zn Hn 
K Si04 <.005<.005<.02 <.05 <.02<.001<.02 s.02 
4.2 67.1 — — — — 0.03 — 
4. 1 68.2 — — — — 0.03 — 
4.7 64.0 — — — — 0.03 ---
As Cd Cu Fe Pb Hg Zn Hn 
K S104 <,005<.005<.02 <.05 <.02<.001\.02 s.02 
8.3 68.2 — — — — — — 
8.3 68.2 — — — — — — 
As Cd Cu Fe Pb Hg Zn Mn 
K S104 <.005<.005<.02 <.05 <.O2<.0OK.O2 (.02 
4.4 55.4 — — — — — 0.04 
As Cd Cu Fe Pb Hg Zn Hn 
K Si04 <.005<.005<.02 <.05 <.O2<.0OK.O2 <.02 
1 . 1  2 6 . 0  —  —  -  —  - -
As Cd Cu Fe Pb Hg Zn Hn 
K S104 <.005<.005<.02 <.05 <.02<.00K.02 <.02 
1.9 26.8 — — — — --- ---
1.6 23.5 — — — — — — 
0.8 17.3 — — — — — — 
(HiHIItHHHHHHHttHtlHItHIHlHIHHHHHtltHHtiHHHIHIHtH 
SULLIVAN FLATS WATER QUALITY SURFACE HATER (UNITS = ag/l) 
SURFACE 11 UPPER SULLIVAN CREEK - ABOVE TAILINGS 
SAMPLE ID DATE 
SCA-8-86 8-20-86 
FIELD P-METERS 
TEMP pH COND pH 
18.0 4.6 1040 4.9 
HC03 HC03 
MEAS CALC TDS 




















j Zn Mn 
J0K.02 <.02 
- 6.62 29.0 
SURFACE 12 UPPER SULLIVAN CREEK - AT TAILINGS 
SAMPLE ID DATE 
SCB-8-B6 8-20-86 
FIELD P-METERS 
TEMP pH COND pH 
21.0 2.6 2520 2.8 
HC03 HC03 
MEAS CALC TDS 











As Cd Cu 
<.005<.005<.02 












SURFACE 13 UPPER SULLIVAN CREEK - BELOW TAILINGS 
SAMPLE ID DATE 
SCC-8-86 8-20-86 
FIELD P-HETERS 
TEMP pH COND pH 
16.5 4.9 1120 5.2 
HC03 HC03 
MEAS CALC TDS 
























SURFACE 14 UPPER SULLIVAN CREEK - AT STOCK TANK 
FIELD P-HETERS HC03 HC03 As Cd Cu Fe Pb Hq Zn Mn 
SAMPLE ID DATE TEMP pH COND pH MEAS CALC TDS CI S04 Ca Mg Na K Si04 <.005<.005<.02 <.05 <.02<.001<.02 <.02 
CTNK-4-86 4-30-86 6.5 4.8 690 5.0-0.12 -4.1832 1.72 552.0 150.31.6 24.8 10.5 61.7 —0.010.03 — 21.8 2.26 
CTNK-4-87 4-19-07 5.65.2— 5.3 0.50-11.3739 2.06491.0123.29.9 27.111.054.3 —0.01 — — 20.61.84 
Kili l lKitHIHHHIHHIItHKIHHIIHHIHHIIHHHHiHttHHHHItlH 
SULLIVAN FLATS WATER QUALITY -BLANKS-— (UNITS - ag/1) 
QUALITY ASSURANCE TEST OF FIELD BLANKS 
FIELD P-METERS HC03 HC03 As Cd Cu Fe Pb Hq Zn Mn 
SAMPLE ID DATE TEMP pH COND pH MEAS CALC TDS CI S04 Ca Hg Na K Si04 <.005<.005<.02 <.05 <.02<.00K.02 <.02 
SB-HCD-SP10-26-85 — 5.5 — — — — — — — 0.3 — — — — — — 
W29-2-B6 2-17-06 — 5.7 0.01 — <0.9 — — — — — — — — — — — 
U20-4-86 4-30-86 — 5.7 0.25 0.B3 2 <0.1 1.1 0.2 0.06 0.11 — 0.3 — — — — — — 
W22-7-86 7-13-86 — — 0 5.8 — — — — — — — — — — — — — — 
W29-8-86 8 7-86 — 5.7 0.06 — — — --- — — 0.1 — — — — — — 
W29-B-86 8-20-86 4.4 0.5 — — — — 0.1 — — — — — — 
W0-4-B7 4-20-87 — 5.7 — — — — — — — — — — — — 
APPENDIX D — AQUIFER TEST DATA 
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tttt« AQUIFER TEST DATA -- PUMPING HELL II -- BIG DRAW WEST 
PUMPING HELL II 
BIG DRAW WEST 
JULY 30i1986 
STATIC 55.37 
•C* = 47.35 
Q(qp«)=208.70 
Swift)=-10.23 
1 OBS.HELL= I16i NO EFFECT 
===== DRAHDOHN ===== 
t 
i»in) 
0 . 0 0  
0 . 0 8  



























































































































































10 .16  














































































1 .02  
0.93 
0 .81  
0.74 
0.68 
0 . 6 2  




























































10 .11  


































=== SIMPLE RECOVERY === 











































0 . 6 8  
0 . 6 2  














0 . 2 2  
0 . 2 1  
0 . 2 0  
0 .16  
0 .16  
0.14 
0.13 








































***** AQUIFER TEST DATA -- WELL I2S TEST -- SULLIVAN CREEK SOUTH -- PAGE 1 ***** 
PUMPING WELL »2S 
SULLIVAN CREEK SOUTH 
AUGUST 6, 1986 
STATIC = 6.89'(steel) 
•C' - 12.43 
Q (gpa) - 279.0 
Sw(ft) " -4.80 
PUMP ON " 0950hrs. 
PUMP OFF- 1450hrs. 
====== DRAWDOWN ===== 
•S" *f  •S-SH' 
(feet) (i in) (feet) 




WELL I2S (cont.) 
== CALCULATED RECOVERY == 
PUMP OFF AT 1450 hrs.=0.00 
WELL »2N (cont. 






























































































































8 .02  
8.15 
































































2 .16  
1.99 
1.94 
V s-Proj 5'  









8 . 1 0  

















38.00 12.68 10^03 
45.00 12.72 10.20 
51.00 12.75 10.30 
55.00 12.78 10.45 
60.00 12.80 10.56 
70.00 12.86 10.70 
80.00 12.91 10.92 



























1.83 103.00 13.03 11.20 

























































































0.00 374.00 14.49 14.49 
OBS. WELL »2N -- W#2S TEST 
SULLIVAN CREEK NORTH 
AUGUST 6-7, 1986 
STATIC = 11.48'(below plastic 14.94 105.00 
DIGITAL RECORDER (5 «in punch 14.99 110.00 
STEEL TAPE FIRST 20 »in. 
RADIAL DIST= 137.9' (359 deg. 
PUMP ON = 0950hrs 
PUMP OFF= 1450hrs. 

























































































1 .80  
1.87 
1.96 
2 .02  
2.09 
2.15 








































WELL I2N (cont.) 
===== DRAWDOWN ===== 
WAT - L V L  ' t* " 5 -
(feet) (ain) (feet) 
15.88 220.00 4.40 
15.«1 225.00 4.43 
15.94 230.00 4.46 
15.97 235.00 4.49 
16.00 240.00 4.52 
16.03 245.00 4.55 
16.06 250.00 4.58 
16.08 255.00 4.60 
16.11 260.00 4.63 
16.13 265.00 4,65 
16.16 270.00 4.68 
16.19 275.00 4.n l  
16.22 280.00 4.74 
16.25 285.00 4.77 
16.28 290.00 4.80 
16.30 295.00 4.82 
16.33 300.00 4.85 
WELL I2N - WI2S TEST 
==== CALCULATED RECOVERY ===== 
PUMP OFF AT 1450 hrs> " 0.0 






































































































































0 . 0 1  
0.09 













1 .02  













1 . 8 2  














***** AQUIFER TEST DATA -- HELL I2S TEST -- SULLIVAN CREEK SOUTH -  FA6E 2 ***** 
HELL I2N -- H»2S TEST (cont.) 
==== CALCULATED RECOVERY ===== 
HAT-LV ' f -s' s-pr, s' 
(feet) (»in) (feet)(feet)(feet) 
13.62 70.00 2.14 5.20 3.06 
13.56 75.00 2.08 5.21 3.13 
13.50 80.00 2.02 5.22 3.20 
13.45 35.00 1.97 5.23 3.26 
13.40 90.00 1.92 5.23 3.31 
13.36 95.00 1.88 5.24 3.36 
13.32 100.00 1.84 5.26 3.42 
13.27 105.00 1.79 5.28 3.49 
13.23 110.00 1.75 5.29 3.54 
13.20 115.00 1.72 5.31 3.59 
13.16 120.00 1.68 5.33 3.65 
13.13 125.00 1.65 5.34 3.69 
13.10 130.00 1.62 5.36 3.74 
13.06 135.00 1.58 5.38 3.80 
13.03 140.00 1.55 5.40 3.85 
13.01 145.00 1.53 5.41 3.88 
12.98 150.00 1.50 5.43 3.93 
12.95 155.00 1.47 5.45 3.98 
12.93 160.00 1.45 5.46 4.01 
12.91 165.00 1.43 5.48 4.05 
12.83 170.00 1.40 5.50 4.10 
12.86 175.00 1.38 5.51 4.13 
12.84 180.00 1.36 5.53 4.17 
12.82 185.00 1.34 5.55 4.21 
12.80 190.00 1.32 5.57 4.25 
12.78 195.00 1.30 5.58 4.28 
12.76 200.00 1.28 5.61 4.33 
12.74 205.00 1.26 5.63 4.37 
12.72 210.00 1.24 5.65 4.41 
12.71 215.00 1.23 5.67 4.44 
12.69 220.00 1.21 5.70 4.49 
12.63 225.00 1.20 5.72 4.52 
12.66 230.00 1.18 5.74 4.56 
12.65 235.00 1.17 5.77 4.60 
12.63 240.00 1.15 5.79 4.64 
12.62 245.00 1.14 5.81 4.67 
12.60 250.00 1.12 5.84 4.72 
12.57 260.00 1.09 5.86 4.77 
12.55 270.00 1.07 5.88 4.81 
12.53 280.00 1.05 5.90 4.85 
12.50 290.00 1.02 5.93 4.91 
12.48 300.00 1.00 5.95 4.95 
12.44 320.00 0.96 6.00 5.04 
12.41 340.00 0.93 6.04 5.11 
12.38 360.00 0.90 6.09 5.19 
12.35 380.00 0.87 6.13 5.26 
12.32 400.00 0.84 6.18 5.34 
12.30 420.00 0.82 6.22 5.40 
12.27 440.00 0.79 6.27 5.48 
12.25 460.00 0.77 6.31 5.54 
12,23 480.00 0.75 6.36 5.61 
12.22 500.00 0.74 6.40 5.66 
12.20 520.00 0.72 6.44 5.72 
12.19 540.00 0.71 6.48 5.77 
12.17 560.00 0.69 6.53 5.84 
12.16 580.00 0.68 6.57 5.89 
12.15 600.00 0.67 6.61 5.94 
12.13 620.00 0.65 6.65 6.00 
12.12 640.00 0.64 6.68 6.04 
12.11 660.00 0.63 6.72 6.09 
12.10 680.00 0.62 6.76 6.14 
12.09 700.00 0.61 6.80 6.19 
12.08 720.00 0.60 6.84 6.24 
12.07 740.00 0.59 6.88 6.29 
12.07 760.00 0.59 6.91 6.32 
HELL »2N -- HI2S TEST (cont.) 
==== CALCULATED RECOVERY ===== 
HAT-LV V *s* s-pri s' 
(feet) (i in) (feet)(feet)(feet) 
12.06 780.00 0.58 6.95 6.37 
12.05 800.00 0.57 6.99 6.42 
12.04 820.00 0.56 7.02 6.46 
12.07 840.00 0.59 7.06 6.47 
12.06 860.00 0.58 7.09 6.51 
12.02 880.00 0.54 7.13 6.59 
12.02 900.00 0.54 7.16 6.62 
12.01 920.00 0.53 7.19 6.66 
12.01 940.00 0.53 7.22 6.69 
12.00 960.00 0.52 7.25 6.73 
12.00 980.00 0.52 7.28 6.76 
11.99 1000.00 0.51 7.30 6.79 
11.99 1020.00 0.51 7.32 6.81 
11.99 1040.00 0.51 7.34 6.83 
11.98 1060.00 0.50 7.36 6.86 
11.98 1080.00 0.50 7.38 6.88 
11.97 1100.00 0.49 7.40 6.91 
OBS. HELL 112 -  HI2S TEST 
JOHN MULLEN HOUSE 
AUGUST 6, 1986 
STATIC = 8.56'(below MP) 
STEEL TAPE 
RADIAL DIST= 3,625' 
PUMP ON = 0950hrs. 
PUMP OFF= 1450hrs. 
==== DRAHDOHN ==== 





8 . 8 0  
8.93 101.00 
9.00 164.00 0.44 
8.53 250.00 -0.03 
8.70 293.00 0.14 
3.73 296.00 0.17 
*** SIMPLE RECOVERY *** 
HAT-LV •t" s' 
(feet) ( B i n )  (feet) 
8.80 6.00 0.00 
8.00 3.00 0.00 
8.80 10.00 0.00 
3.80 13.00 0.00 
8.30 16.00 0.00 
8.30 21.00 0.00 
8.30 26.00 0.00 
8.80 36.00 0.00 
8.77 46.00 0.03 
8.74 50.00 0.06 
8.74 52.00 0.06 
8.75 55.00 0.05 
8.69 64.00 0.11 
8.67 70.00 0.13 
8.65 76.00 0.15 
8.61 82.00 0.19 
8.61 86.00 0.19 
8.59 90.00 0.21 
8.53 100.00 0.27 
8.51 11C.00 0.29 
8.49 120.00 0.31 
8.46 130.00 0.34 
8.41 141.00 0.39 
8.40 145.00 0.40 
169 
r— ao o —•tun<f-or'CoOfvj^bTis- in(>o-"•ajojn-3--j-mjn-o»or^c^oocoo(>a-ooo-« —^ cu cu ru cvi ru rn m ro ro m -*r -&• -tr- in in 
—ru cu ru ru cu ru cu  cu  cn  cn  cn  cn  m  cn  m  -a-  < t -  s t -  < t -  ~ r  u~ i  i*~> u~ j  in m in m in m in m in m m in in in in in inuTin m in 
i*_ • <^> cz> o- <o <d> o> o o- o> o> <^> o o> o» <i> <z> o> «o o o» o> o» o» o- o> o o» <o <z> <o o «o o o> <3> o> o <i> o> o> «o o o d> o> <z> c. cz> o» -o o <z> o o *c> 
•J3r-o-o«-»ru ro m -o r-* o- —<ni j ' -ot^ooo-o-• ru ro co -j -  uo lo >o -o r-* rvoooooo^^oooo^-• —««— (-h  ̂  cu cu cu oi cu co m m <*• 
zz —cm>ooooOoOoo-4-^-h-h^h-^^cucu cu cu cu cu ru cu cu ru cu cu ru ru rucucururururororococococncoro m cn ro m m ro cn m rn m cn m 
•  i~^rururucururururucucucurururururucurucurururucurururu cu cu ru ru ru cucucucururururururu ru ru ru ru ru ru ru ru ru cu ru ru ru ru cu 
i  z* 
J <c 
LU OC - .OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
ZK o • COOOOOOOOOOOOOOOOOOC-OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
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••••• AQUIFER TEST DATA -- PUMPING WELL I3S - CROHUELL CK. SO. (paoe 2) 
\ * ' s- > > < 
Httt 
OBS. WELL «3N 
"••CALCULATED 
PUMP OFF = 260 
' f 
(•in) 
0 .00  
0.50 
0.75 





































































































0 .26  
0.25 
0.23 




























































0 .12  
0.14 
0.15 





















OBS. WELL »3N 
••••CALCULATED 














































































0 . 1 2  
0 . 1 2  
0 .11  
0 . 1 1  
0 . 1 1  
0 . 1 1  
0 .10  
0.10 
























































0 .61  
0 .61 
0 .61  
0.61  
-0.61 







































****** AQUIFER TEST DATA -- FLOWING WELL 14 TEST -- MCDONALD FIELD •••••• 
^ A A A A A A A A A A A A A A  A A A A A A A A A A A  * A A A A A A A A A A A A A A A A A A  A A A A A A A A A . *  
FLOWING WELL 14 
MCDONALD FIELD 
SEPT. 16-19, 1936 
STATIC = 14.74' ABOVE MP 




•f Flow H T 'Q' 
(•in) (feet) (•ln) (qpa) 
4.00 0.58 3.00 462.00 
B.00 0.58 6.00 462.00 
12.00 0.58 8.00 472.00 
23.00 0.58 9.00 462.00 
29.00 0.58 11.00 462.00 
50.00 0.57 13.00 462.00 
70.00 0.56 15.00 466.00 
93.00 0.57 20.00 457.00 
119.00 0.56 27.00 457.00 
164.00 0.56 41.00 457.00 
205.00 0.56 60.00 453.00 
245.00 0.56 82.00 450.00 
1102.00 0.53 105.00 446.00 
1399.00 0.51 150.00 446.00 
1625.00 0.51 180.00 443.00 
2557.00 0.51 200.00 443.00 
2763.00 0.51 244.00 443.00 
3011.00 0.51 275.00 446.00 
4069.00 0.51 1091.00 446.00 






SEPT 16-19, 1986 
STATIC =23.86' BELOW MP 
MP.ELEV =2915.81' 
'INTERFERENCE DURING TEST' 
"f WAT-LV 'S' 
(•in) (-feet (feet) 
63.00 23.84 -0.02 
153.00 23.85 -0.01 
253.00 23.88 0.02 
1076.00 23.88 0.02 
1412.00 23.87 0.01 
1642.00 23.90 0.04 
2588.00 23.92 0.06 
2790.00 23.98 0.12 
3035.00 23.93 0.07 
3950.00 23.97 0.11 
4188.00 23.99 0,13 
4341.00 24.00 0.14 
4506.00 24.08 0.22 
<HHH<HHH<HMHHKH 
OBS.WELL #12 
JOHN MULLEN HOUSE 
SEPT 16-19, 1986 
STATIC = 9.32 (ft.belon MP) 
MP. ELEV=2926.2 
•INTERFERENCE DURING TEST' 
HHHHHHHHHHHHHH 
•t' WAT-LV 'S' 
(•in) (-feet (feet) 
76.00 9.34 0.02 
160.00 9.50 0.18 
266.00 9.50 0.18 
OBS WELL 112 (cont) 
==== DRAWDOWN ==== 
•t" WAT-LV *S' 
(•in) (-feet(feet) 
1146.00 9.83 0.51 
1420.00 9.89 0.57 
1665.00 11.09 1.77 
2601.00 10.45 1.13 
2834.00 10.10 0.78 
3042.00 10.13 0.31 
3957.00 10.24 0.92 
4212.00 10.14 0.82 
4350.00 10.10 0.78 
4497.00 10.03 0.71 
OSB.WELL 112 
== CALC'D RECOVERY == 
•t ' WAT-LV 'S" S-Pro 
(•in) (ft) (ft) (ft) 
1.00 10.25 0.93 0.93 
112.00 10.14 0.82 0.94 
250.00 10.10 0.78 0.96 
397.00 10.03 0.71 0.97 
OBS.WELL 114 (cont) 
== CALCULATED RECOVERY == 
' t '  WAT-LV "S* S-Proj S' 
(•in) (ft) (ft) (ft) (ft) 
121 38.35 1.13 1.50 0.37 
263 38.14 0.92 1.52 0.60 
428 37.97 0.75 1.55 0.80 





0 . 1 2  
0 .18  
0.26 
HHHHHHHHHH<<HHHH< 
OBS. WELL 16 
SULLIVAN SPRINGS 
RADIAL DIST=10,000' 
SEPT 16-19, 1986 
STATIC=1.53' ABOVE HP 
MP. ELEV=2864.93 
HHHH<HHH<HH<<<HHHH 
====== DRAWDOWN ====== 
•t ' WAT-LV "S' 
(•in) (+feet(feet) 
0.00 1.53 0.00 
109.00 1.54 -0.01 
244.00 1.52 0.01 
1189.00 1.46 0.07 
1495.00 1.46 0.07 
1716.00 1.45 0.08 
2660.00 1.41 0,12 
2892.00 1.41 0.12 
3086.00 1.40 0.13 
===== CALCULATED RECOVERY ==== 
•t ' WAT-LV 'S' S-Proj S' 
(•in) (ft) (ft) (ft) (ft) 
171.00 1.39 0,14 0.149 0.01 
297.00 1.42 0.11 0.151 0.04 
448.00 1.44 0.09 0.152 0.06 
10300.00 1.50 0.03 0.230 0.20 
<HHHKHHHH<H<IHHIH<H 
OBS.WELL #14 
CALVIN BROWN HOUSE 
SEPT 16-26, 1986 
STATIC = 37.22 (ft.below MP) 
RADIAL DIST=3i750' 
HH<HHHH<<<<<H<<<HHHIH 
•f WAT-LV *S" 
(•in) (-feet(feet) 
0.00 37.22 0.00 
42.00 37.37 0.15 
137.00 37.60 0.38 
281.00 38.06 0.84 
1167.00 38.29 1.07 
1454.00 38.37 1.15 
1676.00 38.41 1.19 
2627.00 38.55 1.33 
2850.00 38.60 1.38 
3053.00 38.59 1.37 
3998.00 38.69 1.47 
172 
" FL0HINS MELL **>TEST ({ase 2> 
OBSERVATION WELL I2S 
SULLIVAN CREEK SOUTH 
SEPT 16-19, 1986 
STATIC = 9.68' below HP 
HP. ELEV=2940.23 
RADIAL DIST=8,^60' 
STEVENS RECORDER 8-DAY 
PROJECTED BACKGROUND DECLINE 
STATIC 9/16/86 1320 hrs 
9.68' BELOH HP=2930.49 3-190 tin 
STATIC 9/26/86 1355 hrs 
10.43' BELOH HP=2929.74 3 14,345 i in 
rrzrzrrzzz DRAWDOWN ============== 
PROJ PROJ HEAS ACTUAL 


















































































ttmttm CALCULATED RECOVERY 
•f 















4163.00 63.00 2930.27 
4283.00 183.00 2930.27 
<t403.00 303.00 2930.26 
4523.00 423.00 2930.25 
4643.00 543.00 2930.25 
4763.00 663.00 2930.24 
4883.00 783.00 2930.23 
5003.00 903.00 2930.23 
5123.00 1023.00 2930.22 



































PROJ PROJ HEAS S-Proj S' 
BKSRND BELOW BELOW (ft) (ft) 
HP HP 
9.90 10.20 0.290 ***** 
9.90 10.20 0.295 












10.20 0.328 0.07 
10.20 0.332 0.08 
10.20 0.335 0.09 
10.21 
10 .21  
10.21 
10.21 
OBS HELL 12S (cont) 
= =- ==== CALCULATED RECOVERY 
' t* t" PROJ PROJ 
(i in) (i in) BKGRND BELOW 
STATIC HP 
5363.00 1263.00 2930.21 9.96 
5483.00 1383.00 2930.20 9.97 
5603.00 1503.00 2930.20 9.97 
5723.00 1623.00 2930.19 9.98 
5843.00 1743.00 2930.18 9.99 
5963.00 1863.00 2930.18 9.99 
6083.00 1983.00 2930.17 10.00 
6203.00 2103.00 2930.17 10.00 
6323.00 2223.00 2930,16 10.01 
6443.00 2343.00 2930.15 10.02 
6563.00 2463.00 2930.15 10.02 
6683.00 2583.00 2930.14 10.03 
6803.00 2703.00 2930.13 10.04 
6923.00 2823.00 2930.13 10.04 
7043.00 2943.00 2930.12 10.05 
7163.00 3063.00 2930.12 10.05 
7283.00 3183.00 2930.11 10.06 
7403.00 3303.00 2930.10 10.07 
7523.00 3423.00 2930.10 10.07 
7643.00 3543.00 2930.09 10.08 
7763.00 3663.00 2930.08 10.09 
7883.00 3783.00 2930.08 10.09 
8003.00 3903.00 2930.07 10.10 
8123.00 4023.00 2930.07 10.10 
8243.00 4143.00 2930.06 10.11 
8363.00 4263.00 2930.05 10.12 
8483.00 4383.00 2930.05 10.12 
8603.00 4503.00 2930.04 10.13 
8723.00 4623.00 2930.03 10.14 
8843.00 4743.00 2930.03 10.14 
8963.00 4863.00 2930.02 10.15 
9083.00 4983.00 2930.02 10.15 
9203.00 5103.00 2930.01 10.16 
9323.00 5223.00 2930.00 10.17 
9443.00 5343.00 2930.00 10.17 
9563.00 5463.00 2929.99 10.18 
9683.00 5583.00 2929.98 10.19 
9803.00 5703.00 2929.98 10.19 
9923.00 5823.00 2929.97 10.20 
10043.00 5943.00 2929.96 10.21 
OBSERVATION HELL 110 
COCA WELL 
SEPT 16-19, 1986 
STATIC = 22.96' BELOW HP 
HP. ELEV=2923.62 
RADIAL DIST=4,375' 
STEVENS RECORDER 12 HR 
======= DRAWDOWN ======= 
•f WAT-LVL 'S' 
(i in) (-feet) (feet) 
0.00 22.96 0.00 
15.00 23.00 0.04 
30.00 23.03 0.07 
45.00 23.05 0.09 
60.00 23.10 0.14 
75.00 23.14 0.18 
90.00 23.17 0.21 
105.00 23.20 0.24 
120.00 23.23 0.27 
135.00 23.25 0.29 
150.00 23.28 0.32 








10.23 0.360 0.13 
10.24 0.363 0.13 
10.25 0.367 0.13 
10.25 0.370 0.14 
10.26 0.374 0.14 
10.26 0.377 0.15 
10.27 0.381 0.15 
10.28 0,384 0,15 
10.28 0.387 0.16 
10.28 0.391 0.17 
10.28 0.394 0.18 
10.29 0.398 0.17 
10.30 0.401 0.17 
10.31 0.405 0.17 
10.32 0.408 0.17 
10.32 0.412 0.18 
10.33 0.415 0.18 
10.33 0.418 0.19 
10.33 0.420 0.20 
10.33 0.423 0.21 
10.33 0.426 0,22 
10.33 0.428 0.23 
10.33 0.431 0.24 
10.33 0.434 0.25 
10.33 0.436 0.25 
10.33 0.439 0,26 
10.33 0.441 0.27 
10.32 0.444 0.29 
10.31 0.447 0.31 
10.30 0.449 0.33 
10.28 0.452 0,36 
10.27 0.455 0.38 
10.26 0.457 0.40 
10.24 0.460 0.43 
= drawdown cont == 
' f  HAT-LV 'S' 
(•in) (-feetlfeet 
180.00 23.34 0.38 
195.00 23.36 0.40 
210.00 23.37 0.41 
225.00 23.40 0.44 
240.00 23,42 0.46 
255.00 23.43 0.47 
270.00 23.43 0.47 
285.00 23.45 0.49 
300.00 23.47 0.51 
315.00 23.48 0,52 
330.00 23.50 0.54 
345.00 23.52 0.56 
360.00 23.53 0 .57 
375.00 23.55 0.59 
390.00 23.57 0.61 
405.00 23.58 0.62 
420.00 23.59 0.63 
435.00 23.61 0.65 
4 5 0 . 0 0  2 3 . 6 3  0 . 6 7  
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•"*** AQUIFER TEST DATA -- FLOWING WELL 14 TEST —- (jjaje 4 ) »•••••• 
OBSERVATION WELL I I 
BIG DRAW WEST 
SEPT 16-19, 1986 
STATIC 55.7' BELOW HP 
HP. ELEV=2965.60 
STEVENS RECORDER 28-DAY 
RADIAL DIST-9.875' 
=== DRAWDOWN ==== **SMOOTHED*» 
V WAT-LV *S" WAT-LV "S* 
(•in) (-feet(feet)(-feet(f eet) 
0.00 55.70 0.00 55.70 0.00 
100.00 55.86 0.16 55.86 0.16 
340.00 56.08 0.38 56.10 0.40 
580.00 56.13 0.43 56.23 0.53 
820.00 56.30 0.60 56.32 0.62 
1060.00 56.39 0.69 56.39 0.69 
1300.00 56.48 0.78 56.44 0.74 
1540.00 56.43 0.78 56.49 0.79 
1780.00 56.50 0.30 56.53 0.83 
2020.00 56.57 0.37 56.57 0.87 
2260.00 56.58 0.83 56.60 0.90 
2500.00 56.60 0 . 9 0  56.63 0.93 
2740.00 56.68 0.98 56.66 0.96 
2980.00 56.68 0.98 56.6B 0.98 
3220.00 56.68 0.98 56.70 1.00 
3460.00 56.69 0.99 56.72 1.02 
3700.00 56.75 1.05 56.73 1.03 
3940.00 56.75 1.05 56.76 1.06 
4100.00 56.77 1.07 56.77 1.07 
OBS WELL II (cont) 
===== CALCULATED RECOVERY 






















































0 .16  






1 . 1 0  
1 . 1 1  





1 . 1 6  
1.17 
1 . 1 8  
1 . 1 8  
1.19 
1.20 
1 .20  
1 . 2 1  
1 . 2 2  




































1 . 1 8  
OBS WELL I I (cont) 



























0 . 0 8  





0 , 0 8  
0 .10  
0 . 1 0  
0 . 0 8  
0.07 
0 .08  
0 . 1 0  
0.13 
0.14 
0 . 1 2  
S-Proj 
(ft) 
1 . 2 6  
1.27 
1.27 















1 . 2 1  
1 . 1 9  
1 . 1 7  
1 . 2 1  
1 . 2 3  
1 . 2 6  
1 . 2 4  
1 . 2 2  
1 . 2 0  
1 . 2 0  
1 . 2 3  
1 . 2 4  
1 . 2 3  
1 . 2 2  
1 . 1 9  
1 . 1 9  
1 . 2 1  
hjhj AQUIFER TEST DATA -  PUHPING WELL 15 TEST -  SULLIVAN FLATS ******* 
ttttttttttmtttt 
PUHPING WELL 15 
SULLIVAN FLATS 
STEP TEST 
JULY 31, 1986 
ST AT IC= +9,88' 









































































































































































































AUGUST 1, 1986 
STATIC=+6.27' 
C = <<8,966> 
Q(qpa)20 qp» 
Sn(ft>«?7?» 


















































































































2.13 29.02 12.26 
2.50 26.65 14.63 
2.75 25.05 16.23 
3 . 0 0  2 3 , ' 8  1 7 , 3 0  
3.25 22.77 18.51 
3.50 21.68 19.60 
3 . 7 5  2 0 . 4 7  2 0 . 8 1  
4.00 19.36 21.92 
4 . 5 0  1 7 . 2 5  2 4 , 0 3  
5.00 15.37 25.91 
6.00 11.39 29.8" 
7,00 9.06 32.22 
8.00 6.66 3".62 
9.00 4.62 36,66 
10.00 2.85 38.43 
11.00 1.31 39.'7 
1 1 . 4 8  0 . 0 0  4 1 , 2 3  
»tmt AQUIFER TEST DATA -- PUMPING HELL 16 -  SULLIVAN SPRINGS 
PUHPING HELL 16 
SULLIVAN SPRINGS 
AUGUST 3-4, 1986 
STATIC^ .25' BELOH EXTENDED HP 
•C' = 9 9.67 
G(qp»)-313.5 
S«lft)--4.71 
PUHP 0N=8/3 1130hrs=0.Oain 










































































. 12  
.13 
, 1 6  
, 1 6  
.18  










































0 . 1 8  
0 . 2 0  
0.23 
















6 .18  
6 . 2 1  










































6 .  
6. 
6. 
6 .  
6. 


























































PUHPING HELL 16 (cont) 
======= DRAHDOHN ====== 
•f 'S1 "S-Sw'S-10. 
(»in) (ft) (ft) (ft) 
990.00 11.29 6.58 0.54 
1050.00 11.28 6.57 0.53 
1110,00 11.25 6.54 0.50 
1170.00 11.24 6.53 0.49 
1230.00 11.14 6.43 0.39 
1290.00 11.20 6.49 0.45 
1350.00 11.18 6.47 0.43 
1410.00 11.18 6.47 0,43 
1470.00 11.51 6.80 0.76 
1670.00 11,19 6.48 0.44 
1770.00 11.33 6.62 0.58 
1890.00 11.33 6.62 0.58 
tttttt it RECOVERY tutu 
•f HAT-LV S' 
(i in) (feet)(f eet) 
0.77 0.74 5.86 
0.93 0.51 6.09 
1.18 0.59 6.01 
1.50 0.57 6.03 
1.78 0.54 6.06 
1.97 0.50 6.10 
2.25 0.49 6.11 
2.50 0.48 6.12 
2.75 0.48 6.12 
3.00 0.48 6.12 
3,50 0.47 6.13 
4.00 0.45 6.15 
4.50 0.45 6.15 
5.00 0.45 6.15 
6.00 0.43 6.17 
7.00 0.42 6.18 
8.00 0.42 6.18 
9.00 0.41 6.19 
10.00 0.40 6.20 
12.00 0.40 6.20 
14.00 0.38 6.22 
16.00 0.37 6.23 
18.00 0.36 6.24 
20.00 0.35 6.25 
25.00 0.35 6.25 
30.00 0.33 6.27 
35.00 0.32 6,28 
40.00 0.31 6.29 
45.00 0.30 6.30 
50.00 0.30 6.30 
60.00 0.30 6.30 
80.00 0.29 6.31 
90.00 0.28 6.32 
120.00 0.26 6.34 
144.00 0.26 6.34 
168.00 0.25 6.35 
192.00 0.24 6.36 
216.00 0.24 6.36 
240,00 0.23 6,37 
264.00 0.23 6.37 
288.00 0.23 6.37 
300.00 0.23 6.37 
400.00 0.22 6.38 
500.00 0.20 6.40 
600.00 0.19 6.41 
700.00 0.18 6.42 
800.00 0.18 6.42 
900.00 0.17 6.43 
1000.00 0.17 6.43 
1200.00 0.14 6.46 
1400.00 0.11 6.49 
176 
PUHPING HELL 16 (cont) 



































OBSERVATION HELL 17 4155.00 
JACKSON FIELD 4185.00 
AUGUST 3-4, 1986 4215.00 
STATIC =79.52 (belo* HP) 4245.00 
DIGITAL TAPE-5»in punches 4280.00 
B(gp«)= 313.5 4310.00 
RADIAL DIST.= 4,625' 4340.00 





















































0 .02  
0.01 
















0 . 1 8  
0.19 
0 . 1 8  
0.17 








0 . 2 6  
0.27 

























































80 .08  
80.09 
80.10 
8 0 . 1 1  








80 .20  
80 .21  
80 .21  
( f t )  




























0 . 6 0  








0. b 1 
0,09 
««*«(« AQUIFER TEST 
^A*a aAAAAAAAAAAAAAAAAAAAAAA 
HHHHHHHHHHHHHI 
OBSERVATION WELL 18 
LONGBRANCH 
AUGUST 3-4, 1986 
STATIC = 11.72' BELOW HP 
STEEL TAPE 
Q(gp»)= 313.5 
RADIAL DIST.= 3,125' 
PMPON=8/3 1130hrs=0.0«in 
PHP0FF=8/4 1900hrs=1890»in 
====== DRAWDOWN ====== 
•t" 'WL' "S" 
(i in) (ft) (ft) 
1.00 11.72 0.00 
3.00 11.72 0.00 
5.25 11.72 0.00 
6.75 11.72 0.00 
8.00 11.72 0.00 
9.00 11.72 0.00 
10.25 11.72 0.00 
20.00 11.73 0.01 
30.00 11.76 0.04 
40.00 11.78 0.06 
50.00 11.BO 0.08 
60.00 11.81 0.09 
70.00 11.83 0.11 
80.00 11.83 0.11 
90.00 11.35 0.13 
110.00 11.36 0.14 
130.00 11.87 0.15 
150.00 11.88 0.16 
170.00 11.89 0.17 
190.00 11.89 0.17 
210.00 11.89 0.17 
230.00 11.89 0.17 
250.00 11.89 0.17 
270.00 11.88 0.16 
330.00 11.89 0.17 
390.00 11.89 0.17 
450.00 11.89 0.17 
510.00 11.90 0.18 
570.00 11.92 0.20 
630.00 11.95 0.23 
690.00 11.97 0.25 
750.00 11.99 0.27 
810.00 12.01 0.29 
870.00 12.02 0.30 
930.00 12.03 0.31 
990.00 12.04 0.32 
1050.00 12.05 0.33 
1110.00 12.07 0.35 
1170.00 12.09 0.37 
1230.00 12.12 0.40 
1290.00 12.13 0.41 
1350.00 12.15 0.43 
1420.00 12.17 0.45 
1540.00 12.18 0.46 
1627.00 12.18 0.46 
1770.00 12.13 0.41 
DATA -- PUHPING WELL 16 —- PA6E 2 
===== CALCULATED 














































































APPENDIX E — FLOW MODEL INPUT FILES 
178 
USGS 3-D MODEL 'BflS' INPUT FILE 



































0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 
MODEL -  STEADY STATE 
USING M6.EIE DRIVER 
42 40 
0 0 
0 0 0 
0 0 0 
















0 0 0 
0 0 0 
0 0 
0 0 
0 0 0 
0 0 0 












0 0 0 
0 0 0 
0 0 0 
0 0 
0 0 0 0 
0 0 0 
0 0 0 












0 0 0 0 







0 0 0 
0 0 0 0 0 0 0 




















0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
1(4012) 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 
0 0 
0 0 0 0 0 
0 0 
0 0 
- TWO LAYERS 2 HELLS 3 Or A;NS 
2 4 
0 0 0 0 0 0 0 0 0 0 0 0 
-2 
;  v v v v o o o o 
0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
1 0  0  0  0  0  0  0  0  0  0  
1 0  0  0  0  0  0  0  0  0  0  
1 0 0 0 0 0 0 0 0 0 0 




0 0 0 
0 0 0 
0 0 
0 0 0 0 0 0 0 0 
0 0 
0 
0 0 0 
0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 0 
0 
0 
0 0 0 0 0 0 
0 0 0 0 0 0 










0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 










0 0 0 0 0 
0 0 0 0 0 











1 1 0 
1 1 0 
1 1 0 





1 0 0 
1 0  0  0  





0 0 0 0 
0 0 0 0 
0 0 
0 0 0 0 
0 0 0 0 
0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 






















0 0 0 













0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 11 





















1 0  0  0  
0 
1 0  0  0  
1 0  0  0  
1 0  0  0  
1 0 0 
1 0  0  0  
1 0  0  0  
1 0  0  0  
1 0  0  0  
1 0  0  0  
1 0  0  0  














o o o o  
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 
0 
0 
0 0 0 0 0 0 
0 0 0 0 
0 0 0 0 1 
0 0 0 0 1 
0 0 0 0 1 










0 0 0 0 0 












0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 









0 0 0 
0 0 0 
0 0 0 
0 0 0 
1 1 1 
1 1 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 





0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
1. 








0 0 0 





0 0 0 



















0 0 0 















0 0 0 
0 0 0 
0 0 0 
0 0 0 
































0 0 0 
0 0 0 










0 0 0 







0 0 0 
0 0 0 0 









US6SJ-D MODEL WELL"^ INPUT j-ILE 
2 -1 
2 
2 12 5 72000 
£ 23 27 -14400 
2 
2 12 J 72000 
2 23 27 -14400 
USGS 3-D HODEL^ ̂ DRAIN' INPUT FILE 
A A A A A A A A A A A  
3 -1 
3 
2 12 24 888.5 5900 
2 13 26 899.9 33000 
2 29 5 861.2 300000 
3 
2 12 24 888.5 5900 
2 13 26 399.9 33000 
2 29 5 861.2 300000 
US6S 3-D MODEL - "SIP" INPUT FILE 
999 
.55 .001 1 
USGS^ 3-D^MODEL^ ̂ OUTM CONTROL-
-8 -8 50 51 
0 1 1 1 
0 0 0 0 
0 1 1 i  






















0 0 0 0 
0 0 0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 
0 0 1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 





0 0 0 0 0 
o o o o o  
0 0 0 0 0 
o o o o o  
USGS 3-D MODEL 
A  A  A A A  
'GEN.HEAD.BOUND' INPUT FILE 
39 -1 
39 
1 2 20 896.8 90000 
1 6 16 896.8 90000 
1 11 c  J  893.2 90000 
I  11 8 893.9 90000 
1 13 34 904.2 90000 
1 23 39 900.9 90000 
1 1 28 933.1 9999999 
1 1 29 933.1 9999999 
1 2 32 949.3 9 9 , 9 9 9 9  
1 2 33 949.3 9999999 
1 2 34 949.3 9999999 
1 26 40 901,2 9999999 
1 27 40 901.2 9 9 9 9 9 9 9  
1 28 40 901.2 9 9 9 9 9 9 9  
1 29 40 901.2 9999999 
1 30 40 901.2 9999999 
1 31 40 901.2 9999999 
1 32 40 901.2 9999999 
1 33 40 901.2 9999999 
1 34 40 901.2 9999999 
1 42 c  J  850.0 9999999 
1 42 6 350.0 9999999 
1 42 7 850.0 9 9 9 9 9 9 9  
1 42 8 850.0 9999999 
2 1 28 933.1 9999999 
2 1 29 933.1 9999999 
2 2 32 949.3 9999999 
2 2 33 949.3 9999999 
2 27 40 901.2 9999999 
2 28 40 901.2 9999999 
2 29 40 901.2 9999999 
2 30 40 901.2 9999999 
2 31 40 '01.2 9999999 
2 32 40 901.2 9999999 
2 33 40 901.2 9999999 
2 42 5 780.0 9999999 
2 42 6 "80.0 9999999 
2 42 7 780.0 9 9 , 9 9 9 9  















































2 . 0  
2 . 0  
2 . 0  
2.0 
2 .0  
2 .0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  
2.0 
2 . 0  
2.0 
2 . 0  











































2 . 0  









1 . 0  
1 . 0  
1 . 0  
1  
2.*0 
2 . 0  
2 . 0  
2.0 
INPUT F ILE" (Pa5e i '  





11 10I40F5.0) -1 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
ft 0 0 0 0 0 0 0 0 
0 0 19 19 19 19 19 19 19 
0 19 19 40 40 40 40 19 19 
0 19 40 40 30 30 30 30 30 
0 19 40 40 30 30 30 30 30 
19 19 40 40 30 30 30 30 30 
19 40 40 40 30 30 30 30 30 
19 40 40 40 30 30 50 50 50 
19 40 40 40 30 30 50 50 50 
19 40 40 40 30 30 50 50 50 
19 40 40 40 30 30 50 50 50 
19 40 40 40 30 30 50 50 50 
19 40 40 40 30 30 50 50 50 
19 40 40 40 30 30 50 50 50 
19 40 40 40 40 40 40 40 40 
19 40 40 40 40 40 40 40 19 
0 19 40 40 40 40 40 40 19 
0 19 40 40 40 40 40 40 0 
0 0 40 40 40 40 40 19 0 
0 0 0 40 40 40 40 0 0 
0 0 0 40 40 40 40 0 0 
0 0 0 40 40 40 40 0 0 
0 0 0 40 40 40 40 0 0 
0 0 0 10 10 10 10 0 0 
0 0 0 10 10 10 10 0 0 
0 0 0 10 10 10 10 0 0 
0 0 0 10 10 10 10 0 0 
0 0 0 10 10 10 10 0 0 
0 0 0 10 10 10 10 0 0 
0 0 0 10 10 10 10 0 0 
0 0 0 10 10 10 10 0 0 
0 0 0 10 10 10 10 0 0 
0 0 0 10 10 10 10 0 0 
11 .2<40F5.0) -1 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2.0 1.0 1.0 1.0 1.3 1.3 1.3 1.3 1.3 
2.0 1.0 1.0 1.0 1.3 1.3 1.3 1.3 1.3 
1.0 1.0 1.0 1.0 1.3 1.3 1.3 1.3 1.3 
1.0 1.0 1.0 1.0 1.3 1.3 1.3 1.3 1.3 
1.0 1.0 1.0 1.0 1.3 1.3 0.8 0.8 0.8 
1.0 1.0 1.0 1.0 1.3 1.3 0.8 0.8 0.8 
181 
COLUMNS ***** 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 l f l  
0 0 0 0 0 0 0 19 19 
0 0 0 0 0 0 0 19 30 
0 0 0 0 0 0 19 19 30 
0 0 0 0 0 19 19 30 30 
0 0 0 0 19 19 30 30 30 
0 0 0 19 19 30 30 30 30 
0 0 19 19 30 30 30 30 30 
0 19 19 30 30 30 30 30 30 
19 19 30 30 30 30 30 30 30 
30 30 30 30 30 30 30 30 30 
30 30 30 30 30 30 30 30 30 
30 30 30 30 30 30 30 30 30 
30 30 30 30 30 30 30 20 20 
30 30 30 30 30 20 20 20 20 
50 30 30 30 20 20 20 20 20 
50 30 30 20 20 20 20 20 20 
50 30 30 20 20 20 20 20 20 
50 30 30 20 20 20 20 20 20 
50 30 20 20 20 19 19 19 20 
50 30 19 19 19 0 0 0 19 
50 19 0 0 0 0 0 0 0 
19 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 ft 0 
0 0 0 0 0 0 0 0 0 
0 ft 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 ft 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.0 1.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.0 1.3 
2.0 2.0 2.0 2.0 2.0 2.0 1.0 1.0 1.3 
2.0 2.0 2.0 2.0 2.0 1.0 1.0 1.3 1.3 
2.0 2.0 2.0 2.0 1.0 1.0 1.3 1.3 1.3 
2.0 2.0 2.0 1.0 1.0 1,3 1.3 1.3 1.3 
2.0 2.0 1.0 1.0 1.3 1.3 1.3 1.3 1.3 
2.0 1.0 1.0 1.3 1.3 1.3 1.3 1.3 1.3 
1.0 1.0 1.3 1.3 1.3 1.3 1.3 1.3 1.3 
1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 
1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 
1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 
1.3 1.3 1.3 1.3 1.3 1.3 1.3 2.0 2.0 
1.3 1.3 1.3 1.3 1.3 2.0 2.0 2.0 2.0 
0.8 1.3 1.3 1.3 2.0 2.0 2.0 2.0 2.0 
0.8 1.3 1.3 2.0 2.0 2.0 2.0 2.0 2.0 
USGSJ-D FLOW hODEL^^^'BLOCK^CENTERED FLOU^(BCF)* INPUT FILE (paije I) 
»m SECOND 100 FORTRAN FQRNAT COLUWNS ««« 
0 0 0 0 
19 0 0 0 
19 0 0 0 
19 0 0 0 
19 0 0 0 
19 0 0 0 
19 0 0 0 
19 0 0 0 
19 0 0 0 
19 0 0 40 
0 0 0 40 
0 0 0 40 
0 0 0 40 
19 19 30 40 
20 20 30 40 
20 20 30 40 
20 20 30 40 
20 20 30 40 
20 20 30 40 
20 20 30 40 
20 20 30 40 
20 20 30 40 
19 19 30 40 
0 19 19 19 
0 0 0 19 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2.0 2.0 2.0 2.0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 1.0 
2.0 2.0 2.0 1.0 
2.0 2.0 2.0 1.0 
2.0 2.0 2.0 1.0 
1.0 1.0 1.3 1.0 
2.0 2.0 1.3 1.0 
2.0 2.0 1.3 1.0 
2.0 2.0 1.3 1.0 
2.0 2.0 1.3 1.0 
2.0 2.0 1.3 1.0 
2.0 2.0 1.3 1.0 
2,0 2.0 1.3 1.0 
2.0 2.0 1.3 1.0 
1.0 1.0 1.3 1.0 
0 0 0 10 
0 0 9 10 
0 0 9 10 
0 0 9 10 
0 9 9 10 
0 9 10 10 
9 9 10 10 
9 10 10 10 
20 20 20 20 
40 40 40 40 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
19 50 50 50 
19 19 50 50 
0 19 50 50 
0 19 19 19 
0 0 0 19 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2.0 2.0 2.0 3.9 
2.0 2.0 1.4 3.9 
2.0 2.0 1.4 3.9 
2.0 2.0 1.4 3.9 
2.0 1.4 1.4 3.9 
2.0 1.4 4.0 3.9 
1.4 1.4 4.0 3.9 
1.4 4.0 4.0 3.9 
2.0 2.0 2.0 2.0 
1.0 1.0 1.0 1.0 
0.8 0.8 0.3 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0,8 0.8 
0.0 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
10 0 0 10 
10 fl 0 10 
10 0 0 10 
10 10 0 10 
10 10 0 10 
10 10 0 10 
10 10 10 10 
10 10 10 10 
20 20 20 20 
40 40 40 40 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 140 140 
50 50 140 140 
19 140 140 140 
19 19 140 140 
0 19 19 19 
0 0 0 19 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
3.9 2.0 2.0 4.0 
3.9 2.0 2.0 4.0 
3.9 2.0 2.0 4.0 
3.9 4.0 2.0 4.0 
3.9 3.9 2.0 4.0 
3.9 3.9 1.0 4.0 
3.9 3.9 4.0 4.0 
3.9 4.0 4.0 4.0 
2.0 2.0 2.0 2.0 
1.0 1.0 1.0 1.0 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
0.8 0.8 0.8 0.8 
182 
10 0 0 0 
10 9 0 0 
10 9 0 0 
10 9 0 0 
10 9 0 0 
10 9 0 0 
10 9 0 0 
10 9 0 0 
20 19 0 0 
40 P 0 0 
50 19 0 0 
50 19 0 0 
50 19 0 0 
50 19 ft 0 
50 19 0 0 
50 19 0 0 
50 50 19 0 
50 50 19 19 
50 50 50 19 
50 50 50 19 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
50 50 50 50 
140 140 140 140 
140 140 140 140 
140 140 140 140 
140 140 140 140 
140 140 140 140 
19 140 140 140 
19 19 19 19 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
4.0 2.0 2.0 2.0 
4.0 1.4 2.0 2.0 
4.0 1.4 2.0 2.0 
4.0 1.4 2.0 2.0 
4.0 1.4 2.0 2.0 
4.0 1.4 2.0 2.0 
4.0 1.4 2.0 2 .0  
4.0 1.4 2.0 2 .0  
2.0 1.0 2.0 2 .0  
1.0 1.0 2.0 2.0 
0.8 1.0 2.0 2.0 
0.8 1.0 2.0 2.0 
0.8 1.0 2.0 2.0 
0.8 1.0 2.0 2.0 
0.8 1.0 2.0 2.0 
0.8 1.0 2.0 2.0 
0.8 0.8 1.0 2 .0  
0.8 0.8 1.0 1.0 
0.8 0.8 0,8 1.0 
0.8 0.8 0.8 1.0 
0.8 0.3 0 .8  0.8 
0.8 0.8 0.8 0.8 
0.8 0 .8  0.8 0.8 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
19 0 0 0 
19 0 0 0 
19 0 0 0 
50 19 19 0 
50 50 19 0 
50 50 19 0 
50 50 50 19 
50 50 50 50 
140 140 50 50 
140 140 50 50 
140 140 140 140 
140 140 140 140 
140 140 140 140 
140 140 140 140 
19 19 19 19 
0 0 0 0 
0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2,0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
C.O 2,0 2.0 2,0 
2.0 2.0 2.0 2.0 
2,0 2.0 2,0 2.0 
2.0 2.0 2.0 2.0 
2.0 2,0 2.0 2,0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 A Z  . V 
1.0 2.0 2.0 2.0 
0,8 1.0 :.o 2.0 
2 . 0  
2.0 
2 . 0  
2 . 0  
2.0 
2 . 0  
2 . 0  
2 . 0  
2.0 
2 . 0  
2.0 
2.0 
2 . 0  
2 . 0  
2 . 0  
2 . 0  
2.0 
2.0 
2 . 0  
2 . 0  
2.0 















































2 . 0  
1.0 
1.0 
2 . 0  
2 . 0  
2 . 0  
2.0 
2 . 0  
2.0 
2 . 0  
2.0 
2 . 0  
2 . 0  
2.0 
2.0 
2 . 0  
2 . 0  
2.0 
2 . 0  
2 . 0  












































US6S 3-D FLOW MODEL 'BLOCK CENTERED FLOW (BCF)' INPUT FILE - (pa^e 2) 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
2.0 1.0 1.0 1.0 
2.0 1.0 1.0 1.0 
2.0 2.0 1.0 1.0 
2.0 2.0 2.0 1.0 
2.0 2.0 2.0 1.0 
2.0 2.0 2.0 1.0 
2.0 2.0 2.0 1.0 
2.0 2.0 2.0 0.0 
2.0 2.0 2.0 0.0 
2.0 2.0 2.0 0.0 
2.0 2.0 2.0 0.0 
2.0 2.0 2.0 0.0 
2.0 2.0 2.0 0.0 
2.0 2.0 2.0 0.0 
2.0 2.0 2.0 0.0 
2.0 2.0 2.0 0.0 
2.0 2.0 2.0 0.0 
11 1000 < 40F5 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 ft ft 
0 0 0 0 
0 0 0 0 
0 0 0 352 
0 0 352 572 
0 0 352 572 
0 0 352 572 
0 264 308 308 
0 264 264 9 
0 264 264 9 
0 264 264 9 
0 264 264 9 
0 264 264 9 
0 264 264 9 
0 264 264 9 
0 480 480 480 
0 480 960 960 
0 0 1280 1280 
0 0 1280 1280 
0 0 1280 1280 
0 0 0 1280 
0 0 0 800 
0 0 0 400 
0 0 0 160 
(1 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 9 
0 0 0 9 
0 0 0 9 
0 0 0 9 
0 0 0 9 
tttt FIRST 100 
1.3 1.3 0.8 0.8 
1.3 1.3 0.8 0.8 
1.3 1.3 0.8 0.8 
1.3 1.3 0.8 0.8 
1.3 1.3 0.8 0.8 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 1.0 
1.0 1.0 1.0 2.0 
1.0 1.0 1.0 2.0 
1.0 1.0 1.0 2.0 
1.0 1.0 1.0 2.0 
4.0 4.0 4.0 2.0 
4.0 4.0 0.0 2.0 
0.0 0.0 0.0 2.0 
0.0 0.0 0.0 2.0 
0.0 0.0 0.0 2.0 
0.0 0.0 0.0 2.0 
0.0 0.0 0.0 2.0 
0.0 0.0 0.0 2.0 
0.0 0.0 0.0 2.0 
0.0 0.0 0.0 2.0 
0) 
0 0 0 0 
0 0 0 0 
ft 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
704 704 704 0 
704 704 704 704 
704 704 704 704 
572 704 704 704 
9 9 9 440 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
9 9 9 9 
352 9 9 9 
1280 352 9 9 
1280 640 176 9 
1280 640 160 0 
1280 640 160 0 
1280 640 160 0 
1280 640 160 0 
960 480 80 0 
460 480 80 0 
160 160 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
9 9 9 0 
9 9 9 0 
9 9 9 0 
<? 9 9 0 
9 9 9 0 
FORMAT COLUMNS 
0.8 0.8 1.3 1.3 
0.8 0.8 1.3 1.3 
0.8 0.8 1.3 2.0 
0.8 0.8 1.3 1.0 
0.8 0.8 1.0 2.0 
1.0 1.0 2.0 2.0 
1.0 2.0 2.0 2.0 
1.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 
_ 1 
2.0 2.0 2.0 
1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 440 
0 440 704 704 
704 704 704 704 
704 704 704 704 
704 704 704 704 
704 704 704 704 
440 440 704 704 
9 440 440 440 
9 440 440 440 
9 9 440 440 
9 9 440 264 
9 9 440 0 
9 9 0 0 
9 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 ft 0 
0 0 0 0 
0 0 0 0  
0 0 0 0  
0 0 0 0 
0 0 0 0 
183 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 1.0 1.0 
1.0 1.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2,0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 60 
0 0 60 90 
0 176 90 90 
176 264 264 264 
440 440 440 440 
704 704 704 704 
704 704 704 704 
704 704 704 704 
704 704 704 704 
704 704 704 704 
704 704 704 704 
440 440 440 704 
440 440 440 440 
440 264 264 88 
264 264 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2.0 
2.0 
2 . 0  
2 . 0  
2.0  
2 . 0  
2.0 
2 . 0  
2.0 
2.0 
2 . 0  
2 . 0  
2 . 0  
2 .0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  











































2 . 0  
2 . 0  
1 . 0  
0 . 8  
0 . 8  





1 . 0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  
2 . 0  










































"if SECOND 100 FORTRAN FORMAT COLUMNS • 
1 .0  1 .0  1 .0  0 . 8  
2 .0  2 . 0  1 .0  1 . 0  
2 . 0  2 . 0  2 .0  1 .0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 .0  2 .0  2 .0  2 .0  
2 . 0  2 . 0  2 .0  2 . 0  
2 .0  2 . 0  2 .0  2 .0  
2 . 0  2 . 0  2 .0  2 .0  
2 .0  2 . 0  2 .0  2 . 0  
2 .0  2 . 0  2 .0  2 .0  
2 . 0  2 . 0  2 .0  2 .0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
0 . 8  0 . 8  0 . 8  0 . 8  
0 .8  0 .8  0 . 8  0 .8  
1.0 0.8 0.8 0.8 
1.0 0.8 0.8 0.8 
1 .0  1 .0  1 . 0  0 . 8  
2 .0  2 .0  1 . 0  1 .0  
2 . 0  2 .0  2 . 0  1 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 .0  2 .0  2 . 0  2 . 0  
2 .0  2 .0  2 . 0  2 .0  
2 . 0  2 .0  2 . 0  2 .0  
2 .0  2 .0  2 . 0  2 .0  
2 .0  2 .0  2 . 0  2 .0  
2.0 2.0 2.0 2.0 
2 . 0  2 . 0  2 . 0  2 . 0  
0 . 8  0 . 8  0 . 8  0 . 8  
0 . 8  0 . 8  0 . 8  0 . 8  
0 . 8  0 . 8  0 . 8  0 . 8  
0.8 0.3 0.3 0.3 
0.8 0.3 0.3 0.3 
0.3 0.3 0.3 0.3 
1.0 0.3 0.3 0.3 
1.0 1.0 1.0 0.3 
2 . 0  2 . 0  1 . 0  1 . 0  
2 . 0  2 . 0  2 . 0  1 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 , 0  2 . 0  
2.0 2,0 2.0 2.0 
2 . 0  2 . 0  2 . 0  2 . 0  
2.0 2,0 2.0 2.0 
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
0 . 8  0 . 8  0 . 8  0 . 8  
0 . 8  0 . 8  0 . 8  0 . 8  
0 . 8  0 . 8  0 . 8  0 . 8  
0.3 0.3 0.3 0.8 
0.3 0.3 0.3 0.3 
0.3 0.3 0.3 0.3 
0.3 0.3 0.3 0.3 
0.3 0.3 0.3 0.3 
0.3 0.3 0.3 0.3 
1.0 1.0 1.0 0.3 
2 . 0  2 . 0  2 . 0  1 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2.0 2.0 2.0 2.0 
2.0 2.0 2.0 2.0 
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
2 . 0  2 . 0  2 . 0  2 . 0  
0 0 0 0 0 0 135 135 0 0 96 96 0 0 0 0 
0 0 0 0 0 0 135 135 0 0 96 96 0 0 0 0 
0 0 0 0 0 0 135 135 0 0 96 96 0 0 0 0 
0 0 0 0 0 0 135 135 60 0 96 96 0 0 0 0 
0 0 0 0 0 0 135 135 135 0 96 96 0 0 0 0 
0 0 0 0 0 60 135 135 135 0 96 96 0 0 0 0 
0 0 0 0 0 60 135 135 135 6 96 96 0 0 0 0 
0 0 0 0 30 60 135 135 90 6 96 96 0 0 0 0 
0 0 0 45 45 60 39 39 6 6 30 96 0 0 0 0 
0 0 0 45 45 45 6 6 6 6 30 96 0 0 0 0 
0 0 660 660 660 45 6 6 6 6 30 96 0 0 0 0 
0 0 792 792 792 45 30 6 30 30 30 96 0 0 0 0 
0 0 792 792 792 132 88 88 88 88 88 282 0 0 0 0 
0 528 792 880 880 880 880 880 880 880 440 282 0 0 0 0 
528 792 880 880 880 880 880 880 880 880 528 282 0 0 0 0 
704 880 880 880 880 880 880 880 880 880 880 282 0 0 0 0 
792 880 880 880 880 880 880 880 880 880 880 748 660 0 0 0 
792 880 880 880 880 880 880 880 880 880 880 748 660 0 0 0 
880 880 880 880 880 880 880 880 880 880 880 748 748 440 0 0 
880 880 880 880 748 748 748 748 748 748 748 748 748 660 0 0 
352 792 792 880 748 748 748 748 748 748 748 748 748 660 440 0 
176 352 660 660 660 660 660 660 660 660 660 660 660 660 440 0 
0 220 220 528 660 660 660 660 660 660 660 660 660 660 440 440 
0 0 0 220 440 440 440 440 440 440 660 660 660 660 440 440 
0 0 0 0 220 440 440 440 440 440 440 440 440 440 440 440 
0 0 0 0 0 440 440 440 440 440 440 440 440 440 440 440 
0 0 0 0 0 220 220 220 440 440 440 440 440 440 440 440 
0 0 0 0 0 0 0 220 220 220 220 220 220 220 220 220 
0 0 0 0 0 0 0 0 220 220 220 220 220 220 220 220 
0 0 0 0 0 0 0 0 0 220 220 220 220 220 220 220 
0 0 0 0 0 0 0 0 0 0 0 220 220 220 220 220 
0 0 0 0 0 0 0 0 0 0 0 0 220 220 220 220 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 220 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
184 
0 0 0 0 0 0 0 
